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PEEFACE. 



In preMntiDf to ike public a new tecbaical work, it is the 
custom to offer some sort of apology for its appearance ; heoce 
the author of this treatise, in ord«r not to be coosidered pecu- 
liar, feels it incumbent upon him to do likewise. Moreover, 
there is in this case a good reason for beginning his book witb 
an apology, because of his audacity in imposing upon the 
good nature of the engineering profession by asking its mem- 
bers to read still another work upon the already overwritteai 
subject of bridges. If he could do so, the author would 
here plead primum tempm; but this is by no means his first 
<^ence. Perhaps^ though, the fact that it is twelve years since 
the appearance o( his last book (pamphlets, of course, ex- 
cepted) will be considered by his critics as a " mitigating ck- 
cumstance " in this case. 

But, to q;>eak seriously, if this work were a mere rehash of 
other books, or if it dealt with tbe^ same old, worn-out 8ub> 
jects, the author would not {^resume to present it to the 
engineering profession ; but, on the contrary, in writing it he 
has endeavored to make the contents as original as possible, 
and to treat essentially of the fundamental principles of 
bridge-designiug and their application. It will be noticed 
throughout the book that quotations from other works on 
bridges are "eoni^cuous by their absence," and that the 
author has drawn almost entirely upon his own professional 
practice for examples to illustrate his text. For the latter no 
upology is required, because his own designs (as far as the 
process of development has pei-mitted) have naturally been 
made in conformity with the principles whioh he herein offers 
as « guide to bridge-designing ; and they arc therefore more 
Appropriate as illustrations than the designs of others. 

V 



VI PREFACE. 

The author desires, it to be distinctly understood at the out- 
set that he by uo means claims that the methods of designing 
and construction given herein are all either original with him 
or are the only correct methods ; they are, however, the very 
best of which he knows, whether they originated in his prac- 
tice or were adopted in whole or. in part from the practice of 
others. 

Probably the first point in connection with this book which 
each reader will find to criticise is its peculiar title. Each 
will probably remark, '* Why, in the name of common sense, 
did the author choose such an indefinite and outlaudish title 
as ' De Pontibus ' ? " Reader, its indefiniteness is its most 
praiseworthy feature ; for the work is certainly not a complete 
treatise on bridges, being eminently lacking in illustrations of 
details, and entirely without any treatment of the theory of 
stressies ; and what title could be more appropriate to such a 
book than the indefinite one, "Concerning Bridges"? But, 
the captious reader will reply, "Why revert to the Latin 
language? Is not English good enough ?" Certainly it is; but 
the author had a sound reason for using the Latin, which he 
will proceed to explain, as the said captious reader will 
assuredly not be satisfied without some explanation. 

For five ijonseculive years of his early life the author de- 
voted more than half of his working time to the study of the 
Latin language ; and this is the firat opportunity which has 
occurred during the twenty-two years of his professional 
career to put the knowledge (?) so obtained to any practical 
use. Moreover, he fears that, even if he be so fortunate as to 
be able to practise his profession another twenty-two yeai*s, 
no other occasion will occur to use it, so he feels the necessity 
for grasping this unique opportunity of a lifetime. 

Captious reader, are you now satisfied ? 

That many readers will have faults ta find with the book 
goes without saying. Some may object to its incompleteness* 
in that it does not treat of stresses and that it gives principles 
without actual examples of their application. To these the 
author would reply that any information desired concerning 
the subject of stresses can be found in such standard works on 
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bridges as those of Profs. Burr, Du Bois, and Johnson, and 
that, if he were to attempt to illustrate the principles by 
actual examples of designing, his book would never be 
finished. 

As stated in Chapters XI and XIX, the second edition of 
the author's ''General Specifications for Highway Bridges of 
Iron and Steel" and the first edition of his '* Compromise 
Standard System of Live Loads for Railway Bridges and the 
Equivalents for Same'* are now exhausted, and will not be 
reprinted, as this treatise will replace them. 

In wriUng Chapters XV, XVI. XVII, and XVIII it was 
found necessary to copy certain portions of Chapter XIV in 
order to make the various specifications complete; but the 
amount of repetition was made as small as possible by 
referring, wherever no changes were introduced, whole sec- 
tions of one set of specifications to the corresponding sections 
in a preceding set. 

The subject of suspension bridges is not dealt with in this 
work, partly because until lately the author has not paid 
much attention to this class of structures, and partly because 
they are so different from other bridges, being suitable for 
very long spans only, that each suspension bridge requires 
special specifications of its own. 

The author has the presumption to hope that there will be 
considerable demand for this book, for he considers that it 
will be useful to the following classes of readers: first, to 
practising bridge-engineers, because of many little suggestions 
that will help them to effect improvements and to avoid mis- 
takes ; second, to young engineers in offices of bridge spe- 
cialists and of bridge-manufacturing companies, for perfecting 
them in their work ; third, to professors of civil engineering, 
to show them the practical side of bridge-designing and 
building, and to aid them in giving their lectures on bridges ; 
fourth, to students of civil engineering, as a supplementary 
text-book that will enable them to understand the application 
of what they have learned during their course in bridges; 
fifth, to railroad engineers, because of the bridge specifications 
contalucd, and to instil into their minds the importance of 
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liaying their bridges properly designed, nuuiii^etufed, in. 
speeted, shipped, and erected ; aiid» sixth, to « few counter 
commissioners, who may desire to obtain through the specift- 
catioDS good highway bridges at minimum legitimate eoat. 

The author has endeavored to malce the various ^deifica- 
tions in this book thorough, correct, and complete. If he has 
failed to do so in any particular, he would feel deeply in- 
debted to any one who will point out to him how and where ; 
and he would be grateful to any reader who will inform him 
of any typographical or other eiTors that he may discover ; 
for all errors found in the first edition will be corrected in the 
second, provided the work be well enough received by the 
profession to warrant the issue of another edition. 

In conclusion the author desires to acknowledge witli many 
thanks his indebtedness to his assistant engineers, Ira G. 
Heddck, Assoc. M. Am. Soc. €. E. ; Lee Tread well, H. Am. 
Soc. C. E.; and John L. Harrington, Jun. Am. 8oc. C. E.» 
for valuable aid rendered him in the preparation and checking 
of the MS. of this work* 

Kansas Cit7« Mo., Oct. 18, 1897. 
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CHAPTER I. 

INTRODUCTION. 

Wbum It is true that the development of bridge-building 
in America owes much to the system so long in vogue of 
bidding on competitive plans, in that such competition has 
tended to sharpen the wits of the engineers of the competing 
companies, it is equally true that the said competition has done 
all the good it can for the science of bridge-designing, and 
now acts as a clog to prevent its further advancement. The 
correctness of this assertion scarcely needs any demonstration, 
but it may be well, notwithstanding, to give here a few reasons 
therefor. 

As human nature is the same the world over, and as men in 
general are working for the almighty dollar, it stands to rea- 
son that when a bridge-company's engineer is preparing upon 
fixed specifications a design to be used as a basis for a competi- 
tive bid, and when he knows that in nineteen cases out of 
twenty the contract will be awarded to the lowest bidder 
whose design conforms to the letter of the specifications, 
although it may not be up to the requirements of good 
engineering practice, he will take advantage of every weak 
point and omission in said specifications, even if his engineer's 
conscience proclaim the design he submits to be worse than 
faulty. As it is entirely practicable to take advantage of any 
set of railroad-bridge specifications yet published, it is evident 
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that as long as competitive, lump-sum bids are the fashion, 
just so long will railroad bridges be badly designed. As for 
highway bridges, their letting, designing, and construction 
are so often left in the hands of such incompetent and unscru- 
pulous parties that, until some fundamental change iu existing 
conditions be effected, nothing can be done to improve the 
present unscientific, wretched, and even criminal methods of 
highway-bridge building. 

Concerning the prejudicial effect of competitive designing 
upon the development of the science of bridge-engineering, 
the author can speak authoritatively, because for about six 
years he acted as engineer to a bridge company. During that 
time he lost many contracts for small brfdges because he 
insisted on incorporating in his designs certain features re- 
quiring extra metal, which features he considered essential, 
although they were not called for in the specifications. On 
the other hand, he once earned a commission of more than 
ten thousand dollars upon a single piece of work by knowing 
how to take the greatest advantage of the specifications upon 
which bids were requested. In defence of this action, how- 
ever, it must be mentioned that it was understood at the outset 
that, after the selection of the successful competitor, the 
contract was to be adjusted upon the basis of a pound price 
for the metal-work. By reason of this feature, the author 
was able to correct later on all the weak points of his prelimi- 
nary design to such an extent that the stiiicture until within a 
few yeai-s was by far the best of its kind built. 

This case is given merely as an illustration of how great are 
the possibilities for trimming a design which is based upon 
ordinary standard specifications, and how great is the tempta* 
tion to take advantage thereof. Another way to illustrate 
this point is to compare the weights of the structures manu- 
factured and built by any bridge company by the lump sum 
with the weights of similar structures manufactured and built 
by the same company for a pound price. The difference in 
weight often runs as high as fifteen or twenty per cent or even 
higher, if there be no supervising engineer to hold the bridge 
company in check. 
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For a railway company, the most satisfactoiy method of 
building bridges is either to have a permanent, competent 
bridge engineer in its employ, or to retain some specialist of 
established reputation to prepare specifications and complete 
detailed plans (not working drawings, however) for all its 
bridges, and to provide competent inspectors to see that 
during manufacture, shipment, and erection the plans and 
specifications are strictly followed. 

The necessity for the specialist to stand between the pur- 
chaser and the manufacturer of structural steel is, as a general 
rule, not appreciated by the purchaser, unless he has already 
had some experience in letting contracts for and in the building 
of steel structures without engineering aid in the designing 
and supervision. When the purchaser puts himself in the 
hands of the manufacturer, he is pretty sure to get the worst 
of it ; for if the contract be let by schedule prices the struc- 
ture is liable to be loaded down with useless metal, while if 
the contract be let for a lump sum the structure will probably 
be ruined by having the metal '' skinned '' out of it, especially 
in the most important parts, viz., the details. Moreover, the 
manufacturer is seldom capable of evolving a truly first-clnss 
design, for the reason that his training has always been in the 
line of his own pecuniary interests, which are to obtain the 
maximum of pay for the minimum of structure ; so that, even 
when given all the metal and money that he could ask for 
when preparing a design, he would not succeed in making a 
really good one, simply because of not knowing how. 

On the other hand, the specialist should stand between the 
contractor and the purchaser, so as to see that the latter does 
DOt take any undue advantage of the former by means of a 
harsh or unjust interpretation of the specifications, especially 
when the contractor has suffered loss or delay on account of 
causes beyond his control. 

Occasionally a manufacturer oflfers to prepare the plans for 
certain portions of the work on the plea that he has had so 
much more experience in such matters than the engineer. The 
acceptance of this offer by either the purchaser or the engineer 
is a mistake ; for the engineer, if he have sufficient ability to 
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warraDt hife being retained on the work, can by careful study 
almost always evolve a better design than can the contractor, 
even if it be the first experience which the former lias had in 
connection with the portion of the work under consideration. 
Ob two or three occasions only, and sevei-al years ago, the 
author was either induced or compelled by the purchaser to 
defer-to the greater experience of the contracting engineer ; 
and in each case he has had reason to regret the concession ; 
so he has concluded that in future he will receive with thanks 
any suggestions which the manufacturer may offer, give them 
due consideration, and then make the design as he himself 
sees fit. 

Considerable opposition to the methods of design advanced 
in this work and to the specifications given is anticipated, on 
the plea that the requirements are too exacting and that the 
class of work called for is unnecessarily refined and conse- 
quently expensive. To such opposition the author would reply 
as follows : First, the designing and building of bridges and 
similar structures cannot be too well or carefully done ; and, 
second, that within the last three years, upon some fifty or 
sixty thousand tons of the author's work designed in accord- 
ance with the said methods and built in accordance with the 
said specifications, the prices quoted by the competing man- 
ufacturing companies were extraordinarily low, and that no 
complaint of any account has since been raised by the manu- 
facturers in respect to the expense involved by either the de- 
signs or the specifications. 

The principles of design given in the succeeding chapter 
should be adhered to in all structural metal-work ; and any 
violation of any one of them is a mistake that will be regretted 
sooner or later by the? parties owning the stiaicture. Many of 
these principles are violated cdustantly by shop draftsmen, 
even when the engineer's drawings show the details correctly. 
This is due partly to custom in desiijning certain details in 
certain ways, and partly to the ignorance of the draftsmen.' 
The author would urge upon young engineers who are work- 
ing on plans for structural metal-work to adhere to the prth- 
ciples herein given whenever it is practicable for them to da 
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BO. Had more atteDtion been paid to first principles of de« 
sign when the plans for most of the New York and Brooklyn 
elevated railroads were being prepared, millions of dollars 
would have been saved. This statement can be verified by a 
perusal of the author's paper on Elevated Railroads, referred 
to and quoted from in Chapter VIII, more especially the 
resume of the discussions and Mr. Hedrick's report on the 
said New York and Brooklyn elevated railroads. 

In spite of all the care that the most expert designer can 
give to his work, errors of greater or less magnitude will creep 
in occasionally; and one can always improve somewhat upon 
any finished design. Such being the case, it follows that the 
designing of steel structures should be intrusted to expert 
and disinterested designers only, instead of, as is generally the 
case, to the cheap draftunen employed by the manufacturing 
companies. 

There are a few features of the specifications given in Chap- 
ters XIV. nnd XVIII.. which will require a little explanation 
or comment. This will be given in this chapter, the various 
items being treated, as nearly as may be, in the order in which 
they occur in the said specifications. 

"A" Truss Bridges. 

This style of structure, originated by the author and covered 

by letters patent, is a four- panel truss- bridge having eye-bars 

in bottom chords and centre verticals, and rigid members for 

all the other portions of the trusses and for the entire lateral 

system. It was evolved in this way: For a number of years 

the author was dissatisfied with all railroad bridges for spans 

between the superior limit of the plate-girder and a length of 

about one hundred and fifty feet, ordinary pin-connected, 

through, Pratt trusses being too light and vibratory, and the 

riveted bridges as then built being clumsy, unscientific, and 

■uneconomical. On this account he tried foe some time to find 

•4n opportunity to experiment upon a design of his own to fill 

'a xx)ition of the gap, but the opportunity did not occur until 

vA.priLia08, when he was retained by the General Manager of 
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the Kansas City, Pittsburg, and Gulf Railroad Company to 
design some brmges. After a little persuasion the Ckneral 
Manager was induced to agree to build a 100-ft. "A" truss 
span as an experiment; but when he saw the completed plans 
he ordered at once four bridges to be built therefrom, and this 
style of structure was soon afterwards adopted as the standard 
100-ft. span for the road. 

These bridges have shown such rigidity under traffic that 
they have been used on the St. Louis Southwestern Railway, 
and have been adopted as the standard for spans between sixty- 
five feet and one hundred and sixteen feet by the Nippon Rail- 
way Company of Japan. 

The advantages of this type of bridge are great rigidity in 
all directions, ease and cheapness of erection, and economy of 
metal when it is compared with structures of other types hav- 
ing equal stsength and rigidity. 

IMPACT. 

The uncertainty as to the magnitude of the effect of impact 
on bridges has for many years been a stumbling-block in the 
path of systemization of bridge-designing, and wUl continue 
to be so until some one makes an exhaustive series of experi- 
ments upon the actual intensities of working stresses on all 
main members of modern bridges of the various types. The 
making of these experiments has long been a dream of the 
author's, and it now looks as if it would amount to more than 
a mere dream ; for the reason that the general manager of one 
of the principal Western railroads has agreed to join the author 
in the makiug of a number of such experiments on certain 
bridges of the author's designing, the railroad company to 
furnish the train and all facilities, and the general manager 
and the author to provide the apparatus and experimenters. 
It is only lack of time that has prevented these experiments 
from being made this year, and it is expected that they will 
be finished in 1898. It is hoped that the i*esu1t of the experi- 
ments will be either to determine a proper formula or curve 
of percentages of impact for railroad bridges, or else to 
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inaugurate a series of further ezperimenta that will determine 
it. 

Meanwhile the author has adopted temporarily the formula 
giyen in Chapter XIV., viz., 

j_ 40000 
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in which / is the percentage for impact to he added to the live 
load, and L is the length in feet of span or portion of span 
that is covered hy the said load. 

This formula was established to suit the average practice of 
half a dozen of the leading bridge engineers of the United 
States, as given in their standard specifications, and not because 
tlie author considers that it will give truly correct percentages 
for impact. 

In spite of all that has been said to the contrary in the past 
or that may be said in the future, the impact method of 
proportioning bridges is the only rational and scientifically 
pi-actical method of designing, even if the amounts of impact 
assumed be not absolutely correct ; for the method carries the 
effect of impact into every detail and group of rivets, instead 
of merely affecting the sections of the main members, as do 
the other methods in common use. 

The assumption made in some specifications that the live 
load is always twice as important and destructive as the dead 
load, irrespective of whether the member considered be a 
panel suspender or a bottom chord-bar in a five-hundred-foot 
span, is absurd, and involves far greater errors than those that 
would be caused by any incorrectness in the assumed impact 
formula. 

The author acknowledges that he anticipates finding the 
values given by the formula somewhat high ; but it must be 
remembered that the said formula is intended to cover in a 
general way, also, the effects of small variations from correct- 
ness in shop-work, or to provide for what the noted bridge 
engineer, the late C. Shaler Smith, used to term the factor of 
ignoiance. 
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Using a uniform tension intensity of 18,000 lbs. for eye-ban 
and 16,000 lbs. for built members will strain the metal up to 
nearly one half of the elastic limit shown by specimen tests, 
and probably somewhat higher than one half of same shown 
by tests of full-size members. So long as the greatest actual 
intensity of working stress is kept in the neighborhood of one 
half of the elastic limit, sufficient precaution has been taken 
against all possibility of failure by load even in the far-distant 
future. 

The impact formula for highway bridges given in Chapter 
XVI., viz., 

^_ 10000 
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was established to fit the author's practice. Its correctness is 
not likely to be ever determined by experiment. 

HEDIUM STBBL. 

The reason for using this metal almost exclusively and 
barring out soft steel, except for rivets and adjustable mem- 
bers, is because the two kinds of the raw material cost almost 
exactly the same per pound, while medium steel is the 
stronger of the two by fully fifteen per cent, and is in every 
particular just as reliable and satisfactory for use as soft steel. 
The only advantage claimed for the latter is that it requires 
no reaming, which, in the author's opinion, is a fallacy, be- 
cause, in order to obtain proper matching of rivet-holes in the 
various component parts of a piece, reaming is a iine qua non. 

HIGH STEBIi. 

The use of this material is limited to those portions of very 
long spans where the impact is small, and where there is 
neither reversion of stress nor any condition even approaching 
same. The specifications bar out its employment for inter- 
mediate posts of simple trusses, because in modern, long-span 
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bridges the top ctiords are so curved that the stresses in vertical 
posts either reverse or vary between wide limits. 

BUBPUKCHING AST) REAMING. 

To inaugurate the exclusive use of this process for all 
important work in structural steel, the author has fought a 
long aud bitter fight with the manufacturers, and it begins to 
look as if he were going to win eventually. At any rate be 
has succeeded in having it adopted on all of his owd work for 
several years past in spite of a most powerful adverse influence 
brought to bear upon the purchasers by certain of the birgest 
mauufacturers in the United States. Again, in his paper on 
Elevated Railroads he has advocated most unequivocally the 
adoption of subpunching and reaming on a.11 important metal- 
work, and his views have been indorsed by a majority of the 
engineers who discussed the subject. Any reader who • is in 
doubt concerning this question is advised to read all that is 
written on the subject in the original paper, the discussions, 
and the resume, all of which have been published in the Trans- 
aetiane of the American Society of Civil Engineers for 1897. 

PAINTING. 

In respect to painting structural steel/ engineers as a body 
appear to be unsettled in opinion. Each one either has a pet 
paint of his own or else is experimenting in a haphazard way 
to find one. In the rSaume of the aforesaid paper on Elevated 
Railroads the author wrote as follows in respect to this matter; 

"In short, the engineering profession is all at sea on the 
XMdnt question, and is likely to remain there until there is 
some organized investigation made. In the author's opinion 
the subject is one of suffldent importance to warrant the ap- 
pointment of a special committee of the Society to experiment 
and investigate on the subject for a term of years until some 
valid conclusions can be reached." 

A short time ago the author followed this with a formal 
proposition to the Society to appoint such a committee ; but 
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the motion after considerable discussion both pro and ten was 
lost. Considering the fact that the people of the United States 
are investing annually many millions of dollars in structural 
steel, and that no satisfactory preservative for the metal has 
yet been found, one would think that the question of the best 
kind of paint for metal- work and the best method of painting 
would be a proper subject of investigation for a special com- 
mittee of the American Society of Civil Engineers. 

Since this negative vote was cast, the technical papers have 
stated that certain parties in New York City have at consider- 
able expense inaugurated a series of practical tests of a num- 
ber of brands of metal-work paint. The results thereof ought 
to be of great value to the engineering profession ; but the 
good work should be carried still farther by an authorized 
bodj^ of well-known engineers, who would be willing to 
devote a portion of their time for many years to the investiga- 
tion. 

A perusal of this introductory chapter may cause the reader 
to think that the author is at variance with the manufacturers 
of structural steel ; but such is by no means the case, for his 
relations with them on construction are almost invariably of 
the most pleasant description. Moreover, the assertions made 
herein concerning the opposition of steel manufacturers in 
general to improvements in design and in the quality of the 
manufactured product do not apply to all of the manufac- 
turers of structural steel in the United States ; because there 
are several companies who are always ready to do anything in 
reason to aid an engineer in making investigations and im- 
provements, and who are continually putting in new machin- 
ery for the purpose of bettering their output. It is altogether 
natural that the manufacturer should try to make all the 
money he can by adopting simple details which are easily 
manufactured and easily put together in the field, and by avoid- 
ing such slow and tedious shop processes as sabpunching and 
reaming ; and it is also altogether natural that the consulting 
engineer should use every endeavor to secure certain results in 
finished structures which are in the line of improvement and 
of ultimate economy for his employers : hence it is to be ez- 
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pected that the said manufacturers and engineers will occa- 
sionally disagree, and that each party will battle for his sup- 
posed rights. This is, however, no reason for ill feeling or 
for any conflict between the manufacturer and the engineer 
after the contract is awarded on fixed plans and specifications. 
The reader is advised to examine the various tables appended 
to th's book so as to see if he can utilize them in his work and 
thus save himself some mmecessaiy labor in making compu- 
tations. 



CHAPTER II. 

EIB8T PBINCIPLBS OF DESIGNING, 

Both the student and the practitioner in bridge-designing 
will do well to recognize and bear constantly in mind certain 
first principles of design ; and to enable them to do so, the 
author offers the following, which he considers will cover the 
essential fundamental principles that should govern the de- 
signing of all structural metal-work. Most of these will be re- 
peated in the ** Greneral Specifications " given in Chapter XIV. 
under the heading " General Principles in Designing all Struc- 
tures/' for the reason that the said specifications would be in- 
complete without them. 

The reason for this special chapter being devoted exclu- 
sively to these general principles is that the subject is of the 
utmost importance, and needs much more elaboration than 
could properly be given it in specifications. On this account 
the statement of each principle herein will be followed by re- 
marks of an explanatory nature giving its raiaon d'etre or ap- 
plication. It is to be noticed that the numbering does not 
agree with that of the •' General Principles " in Chapter XIV. 

The attention of the reader is called to the fact that this 
chapter is by far the most important one in the book, in that 
it contains in a concentrated form the most important conclu- 
sions drawn from the author's entire experience in his chosen 
specialty. The principles given have been established mainly 
by observation of the mistakes of others, and in a few cases, 
it must be confessed, by those of his own. 

Few designers care to make public their errors for fear of 
the result being to their disadvantage ; nevertheless far more 
is learned from the mistakes of construction than is learned in 
any other way. 

12 
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^ The author would therefore suggest to the reader that he 
jjeruse M» chapter carefully more than once before proceed- 
ing to the next. 

Pbingiflb I. 

Simplicity is one of the highest attributes of good design- 
ing. 

It is generally by means of a wide experience only that the 
young bridge engineer learns the truth of this assertion ; but 
the older he grows and the more knowledge he acquires the 
more convinced does he become that simplicity, not only in 
design, but also in methods of execution of work, is one of 
the most important desiderata. 

Other things being equal, that design which is the most 
simple, or contains the fewest parts, or involves the easiest 
connections, is the one which will be preferred by competent- 
judges. 

Principle II. 
"The easiest way's the best." 

Although this principle was not enunciated originally in 
relation to structural metal- work, it nevertheless applies to it 
Just as well, for the most successful engineer is he who in a 
given time can accomplish in a satisfactory manner the great- 
est amount of work. 

Tills he can do only by the use of every labor-saving device 
of real value, by systematizing to the greatest practicable ex- 
tent all that he does, and by making a thorough study of true 
economy of time and labor. 

Principlb III. 

The systemization of all that one does in connection with 
his professional work is one of the most important steps 
that can be taken towards the attainment of success. 

Kor is this by any means all that can be said in favor of 
esUiblishing a thorough system of doing work; because, in the 
first placQ^ such, a system enables one to accomplish a great 



14 DB P0NTIBU8. 

deal in a very short time, and, in the second place^ it is a sub- 
ject of the greatest satisfaction and gratification to the man by 
whom it was evolved. 

Principle IV. 

There is an inherent sense of fitness in the mind of a 
well-trained and well-balanced metal-work designer, w^hich 
sense of fitness is of the greatest importance in all that he 
does. 

It is this sense of fitness which enables him often, when in- 
specting the work of other designers, to see at a glance faults 
and flaws that would escape the observation of an uutndned 
man. This faculty of rapid and correct judgment is one 
which can be developed, and one that should receive constant 
attention throughout an engineer's entire career. It is of spe- 
cial value in an ofiice which employs a large number of drafts- 
men and computers, all of whose work has to be checked by 
the head of the office or by a reliable assistant. Nor is it only 
in connection with the work of others that this faculty is 
valuable, for it is often serviceable to an engineer on his own 
personal work, perhaps even without his being conscious 
thereof, saving him from making errors which pure theory 
might not enable him to detect, or which the authorities in his 
line have not yet recognized as errors. An example of this 
occurred some years ago in the author's practice which will 
serve to illustrate the point. 

In proportioning reinforcing plates at pinholes, especially 
for hinged ends, the author has made a practice of instructing 
his draftsmen to extend these plates considerably beyond the 
length required by the theoretical number of rivets necessary 
for the connection, without his being able to give any valid 
or scientific reason for so doing. By some experiments made 
upon the ultimate strength of certain columns with hinged 
ends, the results of which were published in the Transac- 
tions of the Engineers' Society of Western Pennsylvania, Mr. 
Thomas H. Johnson has shown that such pin-plates, unless 
^ztend^d beyond the length required by the theoretical nuin- 
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ber of rivets, fail before the full strength of the compression- 
member is developed. 

Pbinciflb V. 

There are no bridge specificatloiui yet written, and there 
probably never will be any, which will enable an engineer 
to make a complete design for an important bridge without 
using his Judgment to settle many points which the sped- 
fications do not properly cover; or as BSr. Theodore 
Oooper puts it : ^The most perfect S3rstem of rules to insure 
success must be interpreted upon the broad grounds of pro- 
lieflsional intelligence and common sense." 

At first thought one might conclude that this speaks badly 
for modern standard bridge specifications, and to a certain 
limited extent he would be right ; for while it is quite true 
that no railway-bridge specifications yet published begin to 
cover the entire ground of ordinary bridge-designing at all 
adequately, or nearly as thoroughly as they might readily be 
made to do, nevertheless it is also true that the science of 
bridge-designing is such a profound and intricate one that it 
is absolutely impossible in any specification to cover the entire 
field and make rules to govern the scientific proportioning of 
all parts of all structurd^. 

The author has done his best in Chapters XIV.-XIX. of 
this little treatise to render the last statement incorrect, but 
with what success time alone can prove. 

Principle VI. 

In every detail of bridge-designing the principles of true 
economy must be applied by every one who desires to be a 
successful bridge engineer. 

This subject is such an important one that to its considera- 
tion the whole of the next chapter will be devoted. 

Principle VII. 

In bridge-designing rigidity is quite as important an ele- 
ment as is mere strength. 
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In f aet eaeh of these properties is dependent upon th^- 
other, because if a structure be amply proportioned in its - 
main members for the assumed loads, but improperly sway- 
braced, the actual dynamic stresses will be greatly in excess 
of the live-load stresses provided for, and the metal will be 
overstrained in consequence ; while, on the other hand, if 
rigidity be provided for by ample sway-bracing, but at the 
same time the main members of the structure be not ade- 
quately proportioned, the overstrained metal of the latter will 
cause vibration to be set up in spite of the sufficiency of sway* 
bracing. Both of these faults are to be found in existing 
structures. The effect of the first fault is usually the gradual 
wearing out of the structure by impact and rack, and that of 
the second, the sudden collapse of the bridge without previous 
warning, 

Principlk VIII. 

The strength of a structure is measured by the strength 
of its weakest part. 

This statement is as old as the hills, but is just as valid to- 
day as it ever was. Tbe ignoriug of its prime importance is 
constantly tbe source of waste of metal in structures, funda- 
meu tally weak in certain portions, by increasing the weights 
of other portions, and thus adding to the total load that the 
weak parts have to carry. 

Prikciplk IX. 

In bridge-designing provision must alvira3rs be made for 
the . effect of impact, either by increasing the calculated 
total stresses by a varying percentage of the live-load 
stresses, or by decreasing the intensities of working stresses 
below those allowed for statically applied loads. 

Different specifications accomplish Ibis result differently, 
Tbe former method is undoubtedly the more scientific and 
rational one, but the latter is the more common. The reason 
for this is that engineers, as a rule, dislike to specify various 
^percentages to add to live loads for impact, when such per- 
centages are established entirely by guesswork. An elabo« 
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rate system of tests of actual intensities of working stresses 
for all main members of modem steel bridges under live 
loads, applied with varying velocities, is probably more ur- 
gently needed at the present time by the engineering profes- 
sion than is any other series of experiments. 

In the specifications of this treatise the effect of impact is 
provided for, how correctly only such experiments as those 
just referred to can demonstrate. As pointed out in Chapter 
I. , the determination of the various amounts of impact was 
made solely by adopting a few fixed intensities of working 
stress and varying the percentages of impact so as to make 
the structures designed thereby agree as nearly as may be 
with the best general practice. If the impact formulas 
adopted are ever proved to be incorrect, it will be a simple 
matter to correct them in a later edition. 

PbincifiiB X. 

In maUng the general layout of any structure, due atten- 
tion should be given to the architectural effect, even if the 
result be to increase the cost somewhat. 

There is no feature of bridge-designing which has been ig- 
nored in America to such an extent as has this ; and it is only 
of late years that even a few American engineers have paid 
any attention whatsoever to SBsthetics in that branch of engi- 
neering. The subject is such an important one that to its con- 
sideration Chapter lY. will be specially devoted. 

Principle XI. 

For the sake of uniformity, and to conform to the un- 
written laws of fitness, it is often necessary in bridge- 
designing to employ metal which is not really needed for 
either strength or rigidity. 

The designer who recognizes this fact will usually produce 
structures of finer appearance than the designer who ignores 
it because of false notions of economy. 
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Pbinciflb XII. 

Before starting a design, one should obtain complete 
data for same. 

If he fails to do so, he will generally have to make alteration 
after alteration as the work progresses; and, as one change 
usually entails several others, it will result that, by the time 
the work is finished, enough labor will have been expended 
thereon to complete two such designs, for which proper data 
were furnished at the outset. 

Principle XIH. 

A skew-bridge is a structure the building of which should 
always be avoided when it is practicable. 

It is generally possible to square the crossing either by 
swinging the centre line, or by lengthening the spans and 
squaring the piers or abutments. Sometimes, however, it is 
not practicable to do either, in which case the engineer must 
make the best of a bad business. The objections to a skew- 
bridge are these : First, it is fully twice as troublesome to de- 
sign as a square structure; second, the liability to error in both 
shop and field is greatly increased by the skew ; and, third, 
the resulting bridge is never so rigid, nor is it so satisfactory 
in a number of particulars, as a bridge without this objection- 
able feature. 

Principle XIV. 

The best modem practice in bridge-engineering does not 
countenance the building of structures having more than a 
single system of cancellation, except in lateral systems 
where the resulting ambiguity of stress distribution is of 
minor importance. 

Some engineer may question the correctness of this asser- 
tion ; but if he will glance through the author's paper on 
•* Some Disputed Points in Rail way -Bridge Designing" pub- 
lished in the February and March, 1892, number of the Trans- 
actions of the Americau Society of Civil Engineers, he will see 
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that, as a whole, the engineering profession indorses the state, 
ment. The only ordinary cases where multiple systems are 
employed nowadays are those of the lattice girder and the 
Whipple truss. The former is conceded by the leading bridge- 
designers to be unscientific, clumsy, often unsightly, and 
always uneconomical; and as for the latter, there is no longer 
any excuse for its use, because it has been ousted from the 
position it used to hold by the Petit truss, which excels it in 
every particular, including appearance, economy of material, 
and mathematical correctness. 

Principle XV. 

The •mplo3nnent of a redundant member In a tmss or 
girder is never allowable under any circomstances, unless 
it be in the mid.panel of a span haying an odd number of 
panels, in which case, for the sake of appearance, two stiff 
diagonals can be used. 

The reason for this is perfectly clear when one considers 
that it takes extra metal to build the said redundant member, 
and that its use upsets the calculations of stresses, rendering 
them in fact insolvable. A lengthy treatise was published a 
few years ago in India upon a method of finding stresses in 
redundant members, in which much good mental energy was 
wasted, for the entire book might have been written in these 
four words: "Never use such members." It is not often that 
an American engineer is found guilty of employing unneces- 
sary pieces in his designs, but one cannot say the same of his 
European brethren. 

Pbtkoiplb XVI. 

The use of a curved strut or tie in bridge-designing for the 
sake of appearance (or for any other reason) is an abomina- 
tion that cannot for an instant be tolerated by a good de- 
signer. 

Ii is hardly necessary to make such a forcible remark as this 
to American engineers, although in travelling about the United 
Siutes one occtisionally runs across a violation of the self- 
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evident underlying principle involved in this statement ; but 
the published records of some of the greatest bridges designed 
by English engiDeers show the use of pieces of trusses so 
curved that actually there is compression on one extreme fibre 
and tension on the other. Architectural effect is undoubtedly 
a very commendable feature iii bridge-designing ; but its adop- 
tion is no excuse for the violation of the f undumental priiiciple 
that every compression or tension member of a truss or open- 
webbed girder should be absolutely straight from end to end. 
It seems almost unnecessary to state that the appearance of 
curvature can be obtained by employing short panels and 
making each chord-length straight between panel points. 

Principle XVII. 

In all structural metal-work, excepting only the machi- 
nery for operating movable parts, no torsion on any mem- 
ber should be allowed if it can possibly be avoided; 
otherwise, the greatest care must be taken to provide 
ample strength and rigidity for every portion of the struc- 
ture affected by such torsion. 

It is not often that this question arises; nevertheless it is 
sometimes forced upon the cousideration of the engineer. It 
came up lately in the author's practice in the case where an 
elevated-railroad exit-stairway, having at mid-height a landing 
and a 180-degree turn, had to be supported by a single column 
in order to comply with the demands of adjacent property 
owners. 

Principle XVIII. 

The gravity axes of all the main members of trusses and 
lateral systems coming together at any apex of a truss or 
girder should intersect in* a point whenever such an ar- 
rangement is practicable ; otherwise the greatest care must 
be employed to insure that all the induced stresses and 
bending moments caused by the eccentricity be properly 
provided for. 

This is an important rule that is more often honored in the 
breach than in the observance ; in fact, as far as the author 
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knows, there are only a very few bridges in which the desired 
iotersection in a single point of the axes of all members 
assembling at each apex is accomplished ; and in most struc- 
tures where eccentricity exists for want of such intersection, 
its prejudicial effects are not duly recognized and provided 
for. 

Prikciplb XIX. 

Truss members and portions of truss members should 
always be arranged in pairs symmetrically abont the plane 
of the truss, except in the case of single membenh the axes 
of -which lie in said plane of truss. 

One occasionally sees a violation of this principle even in 
important bridges ; but experience with structures in which 
it was ignored has been such as to show most clearly that this 
cannot be done with impunity, for the torsion resulting from 
eccentrically connected adjustable members is patent even to 
the uninitiated. 

Pbikciflb XX. 

In proportioning main members of bridges, symmetry of 
section about two principal planes at right angles to each 
other is a desideratum to be attained whenever practicable. 

Of course in top-chord and inclined end-post sections, 
which should be designed with a cover-plate, symmetry about 
both principal planes is not attainable. The objectionable 
features caused by want of it, however, are provided against 
by the next axiom. 

Pkinciplb XXI. 

In both tension and compression members the centre 
line of applied stress must invariably coincide with the 
axial right line passing through the centres of gravity of 
all cross-sections of the member taken at right angles 
thereto. 

Until very lately this important principle nas been simply 
ignored, the effect being that the allowed intensities of work- 
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log stresses are often exceeded by from fifty to one hundred 
per cent because of the eccentricity thus involved. 

Pbinciflb XXII. 

The principle of symmetry in designing must be carried 
even into the riveting ; and groups of rivets must be made 
to balance about central lines and central planes to as great 
an extent aa is practicable. 

The violation of this principle was exceedingly common 
not very long ago ; and even to- day, when checking the shop 
drawings of some of the leading bridge-manufacturing compa- 
nies, the author's assistants have to correct occasional depart- 
ures therefrom. 

Principlb XXIII. 

In proportioning members of bridges to meet stresses 
and combinations of stresses it is important to consider 
duly the quality, frequency, and probability of the action 
of said stresses or combinations of stresses. 

As a rule, standard specifications take care fairly well of 
this subject; nevertheless there will often occur in ooe*s 
practice cases which they do not cover. The quality of stress 
should be considered in determining the sectional area of the 
member, because the greater the impact, other things remain- 
ing the same, the smaller should be the intensity of working 
stress. The frequency of application of stress should be 
cousidered, because, if a certain stress or combination of 
stresses be of frequent occurrence, a small intensity of work- 
ing stress should be adopted, while for very infrequent occur- 
rences the intensity can be taken considerably higher. 

Finally, the probability of the application of a certain 
load or loads should be considered ; because for inevitable 
loads or combinations of loads the metal should be strained 
fairly low, while for highly improbable loads or combinations 
of loads it is legitimate to strain much higher. Just here the 
author wishes to state most clearly and emphatically, that to 
indorse the points asserted under this heading one need not 
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be a believer in the doctriDes of WOhler and Weyrauch, and 
in the theory of the fatigue of metals, because one's common 
sense will lead him to proportion sections of bridge members 
in accordance with the foregoing views. 

In the specifications given in Chapters XTV. and XVI. the 
impact f ormulffi and the increased intensities for combinations 
of stresses involving those due to wind loads take care of thjs 
feature of design for all structures excepting high railroad 
trestles, in which latter the designer's professional judgment 
cannot well be eliminated. 

Prikciplb XXIV. 

In all main members having an excess of section above 
that called for by the greatest combination of stresses, the 
entire detailing should be proportioned to correspond with 
the utmost -virorking capacity of the member, and not 
merely for the greatest total stress to 'which it may be 
aulijected. In this connection, though, the reduced capac- 
ity of single angles connected by one leg only must not be 
forgotten. 

It is almost needless to state that most engineers, especially 
those connected with contracting companies, will disagree 
with the author on the correctness of this statement ; neverthe- 
less he has yet to see the first case where adherence to the 
principle would involve improper, clumsy, or inappropriate 
construction. If it be right, for any reason, to use an extra 
amount of metal in the section of a member, why is it not also 
right to design that member throughout so that, if tested to 
destruction, it would fail as a whole and not in a detail ? It 
seems to the author that the considerations which require 
extra section would demand either extra strength or extra 
rigidity, or both, in the details as well as in the section itself. 

Principle XXV. 

In every bridge and trestle adequate provision must be 
made for the contraction and expansion of the metal. 

Neglecting to comply with this principle has often been the 
cause of failure and disaster. 
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Pbinciplk XXVL 

No matter how great its weight may be, every ordinary 
fixed span should be anchored effectively to its supports at 
each bearing on same. 

At one end it should be anchored immovabiy, and at the 
other so as to provide for longitudinal expansion and contrac- 
tion. Such anchorage prevents the dislodging of the struc- 
ture by wind-pressure or by an accidental blow from a mov- 
ing object. 

Principle XXVII. 

The bridge-designer should never forget that it is essen- 
tial throughout every design to provide adequate clearance 
for packing, and to leave ample room for assembling mem- 
bers in confined spaces. 

. There is no more fruitful source of profanity for bridge- 
erectors than the neglect of this principle; and as nearly every 
designer has to spend a year or two in learning to allow enough 
clearance, it follows that bridge-erectors should be given the 
benefit of "extenuating circumstances" when brought to 
judgment for their notorious addiction to the use of strong 
language. 

Principle XXVIII. 

Although for various reasons engineers ar» agreed that 
field-riveting should be reduced to a minimum, such an 
opinion should not be allowed to militate against the em- 
ployment of rigid lateral systems. All designs should be 
arranged so that the field-rivets can be driven readily. 

One of the main reasons for the unsatisfactory condition of 
most of the elevated railroads of this country is that their de- 
signers endeavored in every possible way to avoid field-rivet- 
ing, so as to keep down the cost of erection, and in so doing 
failed to develop the requisite amount of rigidity in the struc- 
tures. 
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Pbinciplb XXIX. 
BiveU ihonld not be used in direct tension. 

In the days of iron rivets this was an important require- 
ment, for the reason that the shanks were often so overstrained 
in cooling that the heads would fly off ; but this does not oc- 
cur with steel rivets. Nevertheless it is advisable to adhere to 
the rule, except for veiy unimportant members where there is 
a great excess in the number of rivets above the theoretical 
requirements 

Principle XXX. 

For members of any importance two rivets do not make 
an adequate connection. 

For such details as lattice bars, of course two rivets or even 
one rivet at each end will suffice ; but where a direct calcula- 
ble stress Comes on the piece, and only two rivets at each end 
are used» it will be found that they will work loose, while, if 
three are used, they will not, unless they be overstrained by 
the calculated stress on the piece. 

Principle XXXI. 

Designs must invariably be made so that all metal-work 
after erection shall be accessible to the paint-brush, except, 
of course, those surfaces which are in close contact either 
ymth each other or with the masonry. 

This clause very properly cuts out the use of closed col- 
umns, which are a fruitful source of condemnation of old 
bridges. 

Principle XXXII. 

In multiple-track structures, if any bracing-frames be 
used between panel points to connect the longitudinal gir- 
ders of adjoining tracks, they must be designed without 
diagonals, in order to prevent the transference of any ap- 
preciable portion ef the live load from one pair of girders 
to any other pair of same 
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Such a transference would be doubly injurious ; because it 
would throw on some of the girdei-s more live load than they 
were proportioned to carry, and at the same time it would 
probably overstrain the diagonals and their connections, and 
would certainly tend to distort laterally the flange angles of 
the longitudinal girders. 

Pbikoiflb XXXin. 

In bridges, trestles, and elevated railroads, the thmst 
from braked trains and the traction should be carried from 
the stringers or longitudinal girders to the posts or col- 
umns without producing any horizontal bending moment 
on the cross-girders. 

This is a late requirement of the author's, that has been em- 
ployed in his designs for a few years past. Its correctness was 
established in his before-mentioned paper on Elevated Rail- 
roads. 

Principle XXXIV. 

In trestles and elevated railroads the colunms should be 
carried up to the tops of the cross-gfrders or longitudinal 
girders and be effectively riveted thereto. 

The correctness of this proposition also was established in 
the said paper on Elevated Railroads. 

Principle XXXV. 

Every column that acts as a beam also should have solid 
webs at right angles to each other, as no reliance can be 
placed on lacing to carry a transverse load down the 
column. 

The truth of this proposition is evident when one reflects 
that a single loose rivet or a single bent lacing-bar in the whole 
line of lacing will prevent the latter from carrying as a web a 
transverse load. Loose rivets and bent lacing-bars are, unfor- 
tunately, not uncommon in structural metal- work. 
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Principlk XXXVL 

In trestleB and elevated railroads every column should 
be anchored so firmly to its pedestal that failure by over- 
turning or rupture could not occur in the neighborhood of 
the foot if the bent were tested to destruction. 

As loug ago as 1891 the author designed pedestals which in- 
volved truly fixed ends for column feet; but it is only within 
the last three years that such a detail has begun to come into 
general use. The ordinary conuection of columns to pedestals 
by an anchor-bolt at each of the four corners of the bed-plate 
is extremely weak and ineffective. 

Principle XXXVII. 

All pedestals for trestles, viaducts, and elevated railroads 
should be raised to such an elevation as to prevent the 
accumulation of dirt and moisture about the column feet, 
and all boxed spaces in the latter should be filled With 
extra-rich Portland-cement oonorete. 

The neglect of these precautions causes the rapid deteriora- 
tion of the metal at bases of columns, and thus shortens the 
life of the structure. 

Principle XXXVm. 

In designing short members of open-webbed, riveted 
work, it is better to increase the sectional area of the piece 
from ten to twenty-five per cent than to try to develop the 
theoretical strength by using supplementary angles at the 
ends to connect to the plates. 

This principle is based upon the results of some late tests of 
the author's on the strength of single angles and pairs of angles 
connected hy one leg only, by which he found that 6" X BJ" 
angles thus connected developed ninety per cent of the ulti- 
mate strength of a flat bar of equal net section, and that 8"X3" 
angles developed seventy-five per cent of same. 
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Principle XXXIX. 

Star-struts formed of two angles with occasional short 
pieces of angle or plate for 8ta3ring same do not make satis- 
factory members. Better results are obtained by placing 
the angles in the form of a T. 

The truth of this statement was established by another series 
of experiments of the author's made at the same time as were 
the lost-mentioned tests. The specimen columns did not de- 
velop on the average more than seventy-five per cent of the 
resistance they should have developed according to the usual 
straight-line formula for metal of the same tensile strength. 

Principle XL, 

In making estimates of weights of metal the computer 
should always be liberal in allowing for the weight of 
details. 

It is the author's experience that, in nearly every case, the 
weight of the finished structure exceeds slightly the estimated 
weight, and mainly on account of the use of more metal fop 
details than was figured upon. Of course, if one sets out de- 
liberately to "skin " a bridge so as to save all the metal he 
can, the actual weights of details may be made to uuderrun 
the estimate; but such a practice is most reprehensible. 

Principle XLI. 

In general details must always be proportioned to resist 
every direct and indirect stress that may ever come upon 
them under any possible condition, without suljecting any 
portion of their material to a stress greater than the legiti- 
mate corresponding working stress. 

This principle, which has been given before in several of 
the author's previous works on bridges, involves the whole 
theory of bridge detailing. 
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Pkinciplb XLII. 

There is but one correct method of checking thoroughly 
the entire detailing of a finished design for a structure, viz.: 
''Follow each stress given on the stress- diagram from its 
point of application on one main member until it is trans- 
ferred completely to either other main members or to the sub- 
structure, and see that each plate, pin, rivet, or other detail 
by which it travels has sufficient strength in every par- 
ticular to resist properly the stress that it thus carries; 
check also the sizes of such parts as stay-plates and lacing, 
which are not affected by the stresses given on the di- 
agram, and see that said sizes are in conformity with the 
best modern practice." 

But to do all this as it should be done necessitates the com- 
puter's being, in the highest sense of the term, an ''expert on 
structural metal- work.'* 



CHAPTER III. 

TRUE ECONOMY IN DESIGN. 

Treatise after treatise has been written upon the subject 
of economy in superstructure design, but unfortunately the 
result is simply a waste of good mental energy; for the 
writers thereof invariably attack the problem by means of 
complicated mathematical investigations, not recognizing the 
fact that the questions they endeavor to solve are altogether 
too intricate to be undertaken by mathematics. The object 
of each investigation appears to have been to establish an 
equation for the economic depth of truss, or that depth which 
corresponds to the minimum amount of metal required for 
said truss ; and, to start the investigation, it seems to have 
been customaiy to make certain assumptions which are not 
even approximately correct. For instance, the principal as- 
sumption of several treatises in French and English is that 
the sectional area and the weight of each member of a truss 
are directly proportional to its greatest stress; or, in other 
words, that in proportioning all members of trusses a constant 
intensity of working stress is to be used, while in reality for 
modern steel bridges the intensities vary from, say, 6000 
pounds up to 15,000 pounds, or, when impact is provided for, 
up to 18,000 pounds, and when both impact and wind stresses 
are included, up to nearly 24,000 pounds. Again, no distinc- 
tion is made between tension and compression members, and 
no account is taken of the greatly varying amounts of their 
percentages of weights of details. 

There is, however, one mathematical investigation concem- 
iog economic truss depths which, in the author's opinion, is 
approximately correct, and which is based on assumptions 

80 
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that are very nearly true * but it holds good only for parallel 
chords. It is this : 
Let A = weight of the chords, 
B = weight of the web, 
G = weight of the truss, 
and 2> = depth of truss. 

Then G= A-^B. 

But the weight of the chords varies inversely as the depth, 
or A= yr, and the weight of the web varies directly as the 
depth, or ^= bD, where a and b are constants ; and therefore 

o^i + w. 

If (7 is to be made a minimum, we shall have, by differen- 
tiation, 

or - -^ + ^ = 0, or J. = J?. 

As the second differential coefficient, after substitution 
according to the usual method for maxima and minima, 
comes out positive, the result obtained corresponds to a 
minimum. 

From this it is evident that, for trusses with parallel chords, 
the greatest economy of material will prevail when the weight 
of the chords is equal to the weight of the web. The author 
has verified this conclusion by checking the weights of chords 
and webs in a number of finished designs, finding it to be 
absolutely reliable. However, it is not of much practical 
value, because the economic depths of trusses with parallel 
chords are pretty well known ; and, again, when spans are in 
excess of 175 or 200 feet, the chords of through-bridges are 
seldom made parallel. Moreover, the best depth to use is not 
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often the ODe which gives the leadt weight of metal in the 
trusses. 

The author finds by experience that, for trusses with po- 
lygonal top chords, the economic depths, as far as weight of 
metal is concerned, are generally much greater than certain 
important conditions will permit to be used. For instance, 
especially in single-track bridges, after a certain truss depth 
is exceeded, the overturning effect of the wind-pressure is so 
great as to reduce the dead-load tension on the windward bot- 
tom chord to such an extent- that the compression from the 
wind load carried by the lower lateral system causes reversion 
of stress, and such reversion eye-bars are not adapted to with- 
stand. A very deep truss requires an expensive traveller, and 
to decrease the theoretically economic depth increases the 
weight but slightly ; hence it is really economical to reduce 
the depth of both truss and traveller. 

Again, the total cost of a structure does not vary directly as 
the total weight of metal, for the reason that an increase in 
the sectional area of a piece adds nothing to the cost of its 
manufacture, and but little to the cost of erection ; so it is 
only for raw material and freight that the expense is really 
increased. Hence it is general ly best to use truss depths con- 
siderably less than those which would require the minimum 
amount of metal. For parallel chords, the theoretically eco- 
nomic truss depths vary from one fifth of the span for spans 
of 100 feet to about one sixth of the span for spans of 200 feet; 
but for modem railway through-bridges the least allowable 
truss depth is about 28 feet, unless suspended floor-beams be 
used, a detail which very properly has gone out of fashion. 

In two five-hundred -foot spans of a combined railway and 
highway bridge the author employed a truss depth of seventy- 
two feet; but this was determined by the reversal of stress in 
bottom chords through wind-pressure. A greater depth, if 
permissible, would have caused a saving in total weight of 
metal. 

In a design of the author's for a five-hundred-and-sixty- 
foot span a truss depth of ninety feet was adopted, but in 
this case the live load was very great, varying from ten 
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thousand pounds per lineal foot for short spaas to ^ht 
thousand pounds per lineal foot for long spans; and the bridge 
is twenty per cent wider than in the case of the two five- 
hundred-foot spans just mentioned. 

The greater the live load and the wider the bridge, the 
greater can the truss depth be made advantageously. 

The little mathematical investtgatiou given in this chapter 
can be applied with advantage to plate-girder bridges and to 
the floor systems of truss-bridges. If for ordinary cases, in 
designing plate girders, one will adopt such a depth as will 
make the total weight of the web with its splice-plates and 
sti£Fening angles about equal to the weight of the flanges, he 
will obtain an economically designed girder, and a deep and 
stiff one. For long spans, however, this arrangement would 
make the girders so deep as to become clumsy and expensive 
to handle; consequently when a span exceeds, say, forty feet, 
tiie amount of metal in the flanges should be a little greater 
than that in the web; and tlie more the span exceeds forty 
feet the greater should be the relative amount of metiU in the 
flanges. 

Concerning economic panel lengths, it is safe to make the 
following statement: * 'Within the limit set by good judgment 
and one's inherent seuse of fitness, the longer the panel the 
greater the economy of material in the superstructure." Of 
course, when one goes to such an extent as to use a thirty- foot 
panel in an ordinary single-track bridge he exceeds the 
limits referred to, because the lateral diagonals become too 
long, and theii' inclination to the chords becomes too flat for 
rigidity. Again, an extremely long panel would often cause 
the truss diagonals to have an unsightly appearance, because 
of their small inclination to the horizontal. 

There is aoother mathematical investigation which is of 
practical value. It relates to the economic lengths of spans, 
and was first demonstrated, in print, by the author some six 
years ago in Indian Engineering, although the principle was 
announced three years before then in the first edition of 
his General Specifications for Highway Bridges of Iron and 
Steel. Straoge to say, many engineers failed to see that there 
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ifi any difference between this principle and an old practice of 
forty years* standing. The principle is that *' for any cross 
ing the greatest economy will be attained when the cost per 
lineal foot of the substructure is equal to the cost per lineal 
foot of the trusses and lateral systenis/' The old practice was 
to make for economy the cost of a pier equal to the cost of the 
span that it supports, or, more properly, equal to one half of 
the cost of the two spans that it helps to support. 

Is not the difference between these two methods perfectly 
plain ? In one the cost of the pier is made equal to the cost of 
the trusses and laterals, and in the other it is made equal to the 
cost of the trusses, laterals, and the floor system. When one 
considers that the cost of the floor system is sometimes almost 
as great as one half of the total cost of the superstructure, he 
will recognize how faulty the old method was. 

The following is the demonstration of the principle, sim- 
plified to the greatest practicable extent. Let us assume a 
crossing of indefinite length, for which the depth of bed-rock 
is constant, and let 

8 = cost per lineal foot of the substructure, 
T = cost per lineal foot of the trusses and laterals 
F = cost per lineal foot of the floor system, 
B = cost per lineal foot of the entire bridge, 
and L = length of span; 

then B = 8+T+F, 

Now if we assume that slight changes in length of span will 
not affect materially the sizes of the piers, the cost per foot of 
the substructure will vary inversely as the span length. 

Again, the cost per foot of the trusses and laterals, for 
slight changes in length of span, may be assumed to vary 
nearly directly as the span length; hence we may write the 
equation 

T=:tL. 
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The cost per foot of the floor system is practically inde- 
pendent of the span length, being a function of the panel 
length, which does not change materially with the Mpan. We 
now have the equation 

B = ^ + iL + F, 

In which B is to be made a minimum. 
Differentiating, we have (as 2^ is a constant) 

5i:=-2 + Z = ^' ^' ^=^- 

A further differentiation shows that the result corresponds 
to a minimum. 

In reality the truss weight per foot increases more rapidly 
than the span length. If r is the ratio of span lengths, the 
truss weights, for small changes in span lengths, will vary 
almost exactly according to the ratio r* = J(r -|- ^*). Oii the 
other hand, the weight per foot for the lateral system does 
not increase as rapidly as the span, unless the perpendicular 
distance between central planes of trusses also increases. 
Unfortunately, though, the gain in truss weight over that 
given by the assumed theory of variation is generally greatei 
than the corresponding loss for the weight of lateral system, 
consequently the combined weights per foot of trusses and 
laterals generally increase a trifle faster than the span length. 
This is partially offset by the fact that the pound price of 
metal erected and painted will reduce a trifle as the weight 
per foot increases. 

Again, there is sometimes a small error in the assumption 
that the cost of the piers varies inversely as the span length, 
because the size of each pier may have to be increased a little 
to accommodate the heavier spans. If the perpendicular dis- 
tance between central planes of trusses is increased because of 
the greater span length, the cost of each pier will be increased 
because of its greater length; but this will occur only occa- 
ftionally. 
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IgnoriBg the latter contingencj, the two errors indicated, 
notwithstanding the fact that their effects are additive, are 90 
small as not to affect materially the correctness of the results 
of this invesligation conceruiug economic span lengths^ 

This demonstration proves that, in any layout of spans, with 
the conditions assumed, the greatest economy will he attained 
when the cost of the substructure per lineal foot of bridge is 
equal to the cost per lineal foot of thq trusses and lateral 
systems. Of course no such condition as a bridge of in- 
definite extent ever exists, nor is the bed-rock often level over 
the whole crossing ; nevertheless the principle can be applied 
to each pier and the spans that it helpf to support by making 
the cost of each pier equal to one half of the total cost of the 
trusses and laterals of both spans. Since working out this 
demonstration some ten years ago, the author has made a 
practice of checking the correctness of the principle thereby 
established, by comparing the cost of substructure and super- 
structure in a number of bridges which he has designed and 
built, with the result that he finds it to be exact. 

The principle will apply also to trestles and elevated roads, 
for in the latter, if we make the cost of the stringers or 
longitudinal girders of one span equal to the cost of the bent 
at one end of same, including its pedestals, we shall obtain the 
most economic layout. In an ordinary railroad trestle, con- 
sisting of alternate spans and towers, it will be necessary for 
greatest economy to have the cost of all the girders in two 
spans (one span being over the tower) plus the cost of the 
longitudinal bracing of one tower, equal to the cost of the two 
bents of said tower, including their pedestals. 

On page 235 of the first edition of Prof. J. B. Johnson's 
'* Theoiy and Practice of Modern Framed Structures," Mr. 
Bryan uses this method of the author's in a slightly differen|b 
form for determining the most economic number of spi^na to 
adopt at any crossing, establishing the equation. 
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in which y (the total cost of bridge) is a miQimum when 






ap 

where A =t cost of two end abutments in dollars ; 

B = cost of tlie floor and that part of the metal weight 
which remains constant, in dollars; 

C = cost of one pier in dollars, assumed as constant ; 

I = length of bridge in feet ; 

X — number of spans ; 

p = price of metal per pound, in doUars; 

y = total cost of bridge in dollars; 
and a = weight per foot of a span b feet in length. 

Thus far all right ; but then he makes an assumption which 
will not be cori'ect except for one live load, for one set of 
specifications, and for single-track railway bridges, Tis., that 
for pin-oonnected spans 



a 5* 

On account of this assumption his subsequent table of 
economic span lengths is not in any sense general, but is true 
only for single-track bridges designed for one standard live 
load and according to one standard set of specifications ; while 
his equations hold good for bridges of any kind and loading, 
including highway as well as railway structures. 

As a check on the correctness of Mr. Bryan's assumption 

thai - = - for siilgle-thtck bridges, the author has looked up 
some of his designs and has found the following : 
For a 875-ft. through-span, Class X, - = -^-^ ; tor a 8Bd-ft. 

a Oa 4 

double-track through-span, Class Z, - = ^ ; and for a similar 

490-ft. span, -= ;r-r. For a 280- ft. double-track deck-span, 
a 9.0 
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Class Y, — = j—r, and for a similar 200-ft. deck-span — = — -. 
For a single-track 200-ft. through-span, designed by a con- 
tracting bridge company and checked by the author, - = —. 

The detailing thereof, however, was ultra-economical. It is 
but fair to state that the 875-ft. span is about two feet wider 
than the ordinary single-track bridges of such span lengths, 
which causes the denominator of the fraction to increase 
somewhat. It is evident, though, that the assumption of 

any fixed value for - is unwarranted, because the weights per 

foot of trusses and laterals for spans of Classes Z and U of the 
Compromise Standard System will vary by from, say, ,88 to 40 
per cent, according to the span length; consequently the values 

of - would vary likewise. 

In cases of structures for crossings where there is danger 
from washout, it may be truly economical to use metal un- 
sparingly in the design, in order to ensure the metal-work 
going together readily and with the least possible delay ; and 
in extreme cases it would be eminently economical to adopt a 
cantilever design, and thus reduce the risk of washout to a 
minimum by the expenditure of a considerable amount of 
extni metal for the superstructure. 

There is another economic feature of design, which, un- 
fortunately, , has been overlooked continually, viz., that the 
most economic structure is the one for which the first cost, plus 
the capitalized cost of annual deterioration and repairs, is a 
minimum. A proper consideration of this economic feature 
would cause the use of better details, larger sections of main 
members, more efficient and rigid sway-bracing, and a greater 
minimum thickness of metal. 



CHAPTER IV. 

-ESTHETICS IN DESIGN. 

That the metal bridges built in the United States during the 
last two or three decades are, with rare exceptions, anything 
but models of excellence in respect to the principles of sesthet- 
ics, no engineer is likely to deny. For this the principal rea- 
sons are as follows : 

First. Very few technical schools in this country instruct 
their engineering students at all in architecture ; and not one 
of them gives to that important branch of constructive engi- 
neering the attention it merits. 

Second. As most American enterprises are consummated 
with a small amount of money compared with what might be 
spent advantageously in their materialization and completion, 
there are seldom any funds to employ in decorating the work. 

Third. American engineers, as a rule, appear to regard 
with more or less contempt all efforts to ingraft architectural 
ideas upon engineering construction. While the engineering 
profession is only too ready to criticise architectural construc- 
tion because of its numerous violations of the principles of en- 
gineering practice, it does not appear to see that the converse 
of the proposition holds good, viz., that the architectural pro- 
fession has good reason to criticise severely engineering con- 
struction in general because of its numerous and glaring vio- 
lations of the principles of architecture. Moreover, in no 
branch of engineering are such violations so common and so 
pronounced as in that of bridge-building. 

Fourth. But the chief factor, the one which has had more 
bad influence than all the others combined, is the custom oi 
letting bridges upon competitive designs and awarding the 
contract to the lowest bidder. 

89 
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For many years prominent architects have very Justly in- 
veighed against the inherent ugliness of American bridges. In 
order, therefore, to see what such violations of sesthetics in 
bridge-designing really are, and to what extent they can be 
avoided, the author has asked his friend, Henry Van Brunt, 
Esq., of the architectural firm of Van Brunt & Howe, who is 
acknowledged by the leading members of his profession to be 
one of the foremost living masters of the science of architec- 
ture, to write for publication in this treatise a letter formulat- 
ing the charges of himself and his professional brethren against 
the bridge- builders of this country in respect to their alleged 
offences against the aesthetics of construction. In response to 
this request Mr. Van Brunt has written the following letter : 

Ht dear Mb. WADDBtXi : 

After looking over a portion of your instructive treatise on bridges, 
I find it quite impossible to comply with your request to furnish yoti 
with practical suggestions from an architectural point of view as to 
grace and beauty of design in such structures. As these qualities must 
be derdtoped from the structure itself, as they must be evolved from its 
inhei*ent economical and practical conditions, and as they cannot be suc- 
cessfully applied to it as an afterthought, it would be unbecoming for 
any layman to attempt to show by what process this evolution is to be 
accomplished. The problem is not an easy one ; it Is not to be served by 
theory, or by any accident of hivention or ingenuity. At present, at 
least, it can only be treated on general lines. Indeed there is no one liv. 
ing, I fear, who can suggest a specific and easily applied remedy for that 
disease of engineering which Is expressed in the curious fact that the 
most perfect results of science, at least in the art of steel-bridge building 
aft now understood and Inculcated^ do not recognisse any theory of beauty 
in line or mass. 

It is the business of the architect to express structure and purpose 
with beauty. It Is the business of the engineer, As I understand it, to 
make structures strong, durable, rigid, and economical; to apply pure 
science, excluding, as a matter of principle, any device of art which, 
for the sake of mere ornamentation, may add to his fabric a pound of 
unnecessary weight or a dollar of unnecessary cost. 

It cannot be denied that to whatever extent the exercise of this prin- 
ciple may have affected the practice of engineers, they have succeeded, 
especially as regards bridge-building, in developing a structure which 
is in every essential respect orderlyi consistent, and progressive from a 
practical point of view. From year to year this development towards 
mechanical perfection has been plainly visible. The structure of ten 
years ago has been reasonably and properly superseded by another and 
better ftlructure, indicating a process of growth without a shadow of 
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e&prfee ; in this t>h)ce«s dfscoTery and idTention have bad th^r proper 
induenee, nnintehiipted by any conservative prejudice or by any theory 
of desfgn whlcli does not rest directly on practical considerations. But, 
iis I have already observed, this admirable and proliflc progress has not 
carried with it a corresponding: progrress in grace and beauty of desigin. 
In fact, these qualities seem to appear in an inverse proportion to the 
development of the structural scheme towards the practical idea of 
strength, stability, and economy. Consequently the stronger, the more 
rigid, the more economical the structure, the more uncompromising and 
the more hopeless it seems to be In respect to beauty. The modem 
Bteel-girdei* or cantilever bridge, while, according to our present knowl- 
edge. It is perfectly adapted to Its uses and functions, is in nearly every 
case an offence to the landscape in which It occurs. Its lines, since they 
have ceased to be structural curves, have become hard and ascetic 
mathematical ezprenMons, and have not been brought Into any sym- 
pathy whatever with the natural lines of the stream which It crosses, 
of the opposite banks Which it connects, of the meadows, forests, and 
mountains among which it Is placed. All sylvan effects of harmony are 
shocked by its discordant intrusion. The vast aqueducts of the Romans, 
the arched bridges of stone, the catenary curves of the modern suspen- 
sion bridges with their high towers, and some forms of bridges con- 
structed with bowstring girders, are more or less affiliated with the 
natural conditions, so that they give no shock, save frequently of pleas^ 
ure at their expression of grace and fitness. But we are assured that 
these [Structural forms are obsolete or ate becoming obsolete, and that 
the straight bridge-truss spanning from pier to pier, the cantilever over- 
hanging the perilous abyss, the pivoted draw-span, all constructed with 
cold geometrical precision, with hard unfeeling lines of tension and 
compression, have taken their place, to the great advantage of the rail- 
roads and the greater security of the public. It is In vain that the con- 
scientious engineer occasionally attempts to compromise with grace by 
ornamenting his intersections by rosettes or buttons of cast iron, or by 
rearing a sort of arch or portal of triumph at the entrance to his bridge 
with a lavish display of metal shell-work, scrolls of forged iron, and 
tables cast and gilded with names and dates. But the compromise 
comes too late ; the main essential lines cannot be condoned by after- 
thoughts of this sort; and as far as the eye can see, these lines, though 
they may satisfy the reason, generally affront the sense of beauty. 

Now it seems to me important to note that the methods of nature 
always culminate in Infinite expressions of beauty, and that beauty is an 
essential part of the principles of natural growth. The Great Creator 
never makes anything, animate or inanimate, ugly in making It strong 
or swift or durable, or In fitting it to the economy of nature. Grace is 
a part of the system of creation. Is it reserved for man in his secondary 
creation to make things unlovely in proportion to their complete and 
perfect adaptation to the satisfaction of his practical needs ? Is this 
difference significant of some quality which is wanting In our science ? 
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But, it may be said, if a steel-trussed bridge, economically and wisely 
ooDstructed according to our present light, offends our ideals of grace 
and beauty, the fault perhaps is not in the structure, but in the rigidity 
and immobility of the ideals which have been established by conditions 
long since outgrown in the progress of science. The attempts of the 
English bridge-builders in iron in the early part of the century to meet 
these old ideas resulted in constructions which, though they may satisQr 
the eye of the artist, and combine more or less gracefully with the land- 
scape, are uneconomical and unscientific. The principles of structure 
involved are incorrect, and unnecessary expense was incurred in forcing 
into the design features conventionally acceptable, but which had noth- 
ing to do with the structure, and which in fact were a hindrance to it, 
concealing rather than illustrating it. 

The architect will not find it difficult to agree with his brother the en- 
gineer, that a mask of ornamental cast iron, covering the essential feat- 
ures of the structure in order to force upon it an efiCect of grace, is 
illogical in the extreme. Indeed, a great modern master of architecture 
has laid down the axiom: " A form which admits of no explanation, or 
which is mere caprice, cannot be beautiful ; and in architecture, cer- 
tainly, every form which is not inspired by the structure ought there- 
fore to be rejected.*' The conscientious modern architect aims to shape 
his design according to this reasonable limitatiou, and he has been 
thereby enabled to produce occasional effects of beauty without impos- 
ing on his composition a single idea which is not suggested either by the 
structure or by the use of the building. Even a factory, a gasometer, a 
railway shed, an elevator, need not challenge the architect in vain to 
produce effects of fitness not entirely inconsistent with the requirements 
of art. Indeed, the engineer himself, with axioms or maxims of art, 
has, in the evolution of the roof -truss, the locomotive, and many indus- 
trial machines, succeeded in satisfying ideals of beauty in the very proc- 
ess of making them powerful, compact, and economical of material and 
space. The modern steel-armored war-ship has already, in this early 
atage of its rapid development, substituted for the ideas of maritime 
beauty, speed, and strength which prevailed in the time of Nelson and 
the other great historical admirals, and which were celebrated in ihe 
songs of Dibdin and Campbell, an entirely different ideal, hardly less 
imposing, though as yet without poetic recognition. But the evolution 
of the steel-trussed bridge has as* yet satisfied neither old ideals of 
beauty, nor has it made new ideals. Its essential lines are drawn in 
apparent disregard or contempt for grace of outline or elegance of de- 
tail. The difficulty seems to be inherent in the present approved struc- 
tural system of designing horizontal, straight, open-trussed girders or 
cantilevers, resting on rigid vertical piers of masonry or iron, without 
regard to any other considerations excepting those of statics. The eye 
requires to be satisfied as well as the trained intelligence, and demands 
not only grace of proportion, but a certain decorative emphasis expres- 
sive of especial functions. The primitive post and lintel structure of 
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stone was as hopeless, apparently, as its modern derivatiTe, the steel-* 
trussed bridge, until the Greeks, with unerring instinct of art, converted 
it bj perfectly rational processes into that ideal expression of beauty 
which is known as the Doric order. This Doric order is a structure 
which ^depends less upon subsidiary decoration than upon proportion 
for its unparalleled success as a work of art. The Parthenon would still 
be lovely without the sculptures of its friezes, metopes, and pediments. 
Its columns, reduced to dimensions which encumber them with no use- 
less bruto mass of material, were so treated with entasis, capital, and 
Anting as to express exactly members in vertical compression ; its 
lintels were so subdivided as to draw attention to, and to illustrate, all 
their functions in the structural scheme. They contained no features of 
caprice or fancy. Now the essential qualities of the steel-girder bridge 
differ from those of the post and Untel of the Greeks because, in the 
former, the structure of the lintels permits of a wider spacing of the 
posts, and the posts have aftsumed the dual function of piers for vertical 
support and of buttresses to withstand the horizontal pressures of the 
stream in which they are built ; the lintels, in their turn, have lost their 
quality as compact, solid, homogeneous masses, have been resolved into 
distinct elements, and have become a complicated and highly artificial 
openwork contrivance of light steel members, which iu their dimensions 
and articulations have been so combined in tension and compression as 
to produce a structure capable of sustaining without change of form 
not only its own weight between bearing points far apart, but that of 
moving trains, and of bearing without detriment vibrations and wind* 
pressures, and the expansion and contraction of its material by changes 
of temperature. 

These compound lintels or trusses are in themselves triumphs of mind 
over matter. At this moment they express a stage of evolution which 
has been in process for a century, and which doubtless will continue to 
develop in directions impossible to anticipate. They are structures not 
dedicated to the immortal gods, like the post and Untel in the Greek tem^ 
pies, the decorative cliaracter of which was largely inspired by religious 
emotions, but devised to meet secular and practical conditions of an ex- 
ceedingly unpoetic and unimaginative character. The mind of the 
architect appreciates the fine economy of these sensitive and com- 
plicated organisms, but it also recognize that they are still in active 
process of development ; that they are on trial, and will not reach final 
results until they shall have assumed those conditions of grace and 
beauty which are essential to completion. It is evident enough that all 
the features of perfection in animals have been very gradually evolved, 
by survival of the fittest and by adaptation to use, from the awkward 
and monstrous shapes of the antediluvian period ; that geological ero- 
sion and drift have clothed the naked rocks with beauty ; and that the 
whole vegetable creation has been improved by art. Nature herself is 
not contented with inelastic dogmas. In like manner, the locomotive, 
the steam-engine, the.modern war-ship, have all become objects of awful 
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beauty, not because of the imposition of nnnecessary features, but 
because of the natural and reasonable growth of their essential 
structure. 

If, therefore, the VLg\y character of the present steel-trussed bridge is 
in itself a proof of the immaturity of the science which has produced It, 
the remedy, of course, must reside in the perfecting; of the science, and 
this process of perfecting will be quickened, if beauty is recognised in 
engineering as it is In architecture, as an aim and not as an accident of 
growth. The architect guides and hastens this progress towards the 
perfect type by fundamentally composing his structure with a view to 
an agreeable proportion of its parts ; in detail he studies to emphasize 
the special and important points of his structure by a decorative treat, 
ment which shall Indicate conventionally the character of the work ac- 
complished at these points. It Is true, perhaps, that the structural 
forms of materials with which the engineers have to work, especially in 
bridge-building, are hardly so elastic and manageable as those at the 
command of the architect even in his simplest and most severely prac- 
tical problems; but it is none the less true that the training of the 
engineer leads him too often to an absolute disregard, if not contempt, 
for th'>se refinements of proportion and outline, and for all those delicate 
adaptations and adjustments of detail, which, though perhai>s separately 
slight, and apparently of small importance, in combination tend to give 
distinction and a character of fitness and grace to works otherwise, from 
the point of view of art, rudely immature, basely mechanical, un- 
necessarily and insolently ugly. 

Mr. Henry James says that the French talk of those who see en beau 
and those who see en laid. Tiie performance of the modem steeUbrldge 
designers would certainly seem to place them In the latter category. It 
is no less certain that this result comes not from temperament, which is 
natural, but from training, which is artificial. The severe and absolute 
conditions in which the bridge-builders work do not prevent them 
either from great differences in manner and method of design, or from 
frequent and unnecessary extravagances of expenditure ; but these ez^ 
travagances are rarely. If ever, lavished in the services of beauty ; be- 
cause the cold and rarefied atmosphere of science and mechanical 
utility, ill which they are accustomed to labor, has gradually frosen out 
the (In it natural instinct which works for art and elegance in design. 
Beauty of proportion has often been proved by mathematics ; but 
mathematics, when It has been allowed to be the only element In the 
development of a problem of construction, has never accomplished 
beautiful results. Such results do not come by accident In any work of 
design, but by the liberal and generous observance of natural laws. 
The education, therefore, which from the beginning does not give some 
recognition to grace, proportion, elegance, as essential parts of conRtruc- 
tion, must be misleading and one-sided, and cannot lead to perfection. 
The recognition of these qualities, I am entirely persuaded, does not 
necessarily imply any sacrifice of practical aocoracy In design or oC 
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sMoliMiicitl precision in workmanship, nor n0«d it affect materially tha^ 
^oe economy which is essential to perfection. 

Very sincerely yours, 

Henrt Van Brunt. 

This letter of Mr. Van Brunt'9, in the author's opinion, 
gives a very just and unprejudiced statement of the status of 
Affairs in relation to the development of hridge-building from 
the aesthetic point of view ; and, in calling the attention of 
bridge*de8igners to their lamentable indifference towards 
beauty in construction, it ought to be the means of inaugura- 
ting a much-needed reform in bridge-designing. 

In thus candidly acknowledging the correctness of these 
allegations of the architectural profession against the work of 
American bridge-designers the author wishes it to be under* 
stood that he considers a large portion of his own past work as 
properly subject to censure ; but that for several years, more 
especially since he severed all connection with the contract- 
ing branch of bridge-building, he has been endeavoring to 
reform in this particular, and with a certain amount of sue* 
oesa, interspersed perhaps with more or less of failure. 

The principal hindrance to the progress of SBStbetic reform 
in bridge-building is liable to emanate from the bridge- man- 
ufacturing companies, who have been so accustomed to sub« 
mitting competitive designs, and who have made in the post 
so much money thereby, that they will naturally consider 
any fundamental innovation of this kind as detrimental to 
their interests. Nevertheless, when some concerted action on 
the part of bridge specialists is inaugurated with the object 
of making bridge structures more sightly, it is probable that 
the manufacturing companies will be far-sighted enough to 
recognize that their true interests will not be subserved by 
offering any serious opposition to the proposed reform. Some 
obstruction is likely to come from managers of railroads, 
who have for years been used to buying their bridges as 
cheaply as possible without any regard to appearance, and 
too often with very little in respect to constructive excellence. 
It will devolve upon the chief engineers and the bridge en* 
gineers of railroads to influence the managements of their 
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lines so as to incline them towards a more favorable oonsid- 
eration for appearance when deciding upon the designing and 
purchasing of their bridges. 

But the moulders of public opinion in respect to the neces- 
sity for a due consideration of architectural effect in bridge- 
building must of necessity be the independent bridge engi- 
neers of the country, who are not so much influenced by 
monetary motives as are engineers connected with railways 
and bridge companies, although it must be confessed that 
some of the most prominent bridge specialists are the greatest 
offenders against the principles of aesthetics. 

There is a general impression among engineer that to in- 
graft architectural effects upon bridge construction will 
always involve the necessity for an increased expenditure of 
money ; but this notion is incorrect, because there are many 
large and important bridges in the United States which could 
have been beautified, and at the same time cheapened, with- 
out in the slightest degree impairing their strength, rigidity, 
or efficiency, by simply modifying their harsh and uncom- 
promising lines. It requires the expenditure of more thought 
than money to obtain an artistically designed bridge ; for a 
little money will go a long way in producing a decorative 
effect upon such a structure. 

Distinction must be made between appropriate and inap- 
propriate, necessary and unnecessary, and expensive and 
Inexpensive decoration. For instance, while it is always 
proper to adapt the lines of a structure to the production of 
the most graceful effect, provided that in so doing no sacri- 
fice of constructive excellence be thereby involved or extra 
expense incurred, it would often be injudicious to expend 
money on pure decomtion. The builder probably cannot 
spare the money, and the location of the structure may be 
such that any extra expense for ornamentation would be abso- 
lutely wasted. If a bridge is to be located where it will be 
seen constantly by many people, it is well to spend extra 
money to make it sightly, beautiful, and in keeping with its 
surroundings ; but when it is to be placed in a dense forest 
or on a sandy desert where it would seldom be seen, it^ould 
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be folly to spend any more on its construction than is called 
for by the engineering requirements of the conditions, due 
allowance being made, of course, for a possible peopling of 
the forest or desert in the not very distant future. 

The style of ornamentation for a bridge should always be 
in keeping with its general character; thus, in case of a light 
highway bridge, ornamental portals with filigree metal- work 
are appropriate, while in large, massive railway bridges the 
ornamentation should be of a coarser and bolder character, 
commensurate with the size and use of the structure. 

The author is a firm believer in the principle that true 
economy, engineering excellence of construction, and the best 
architectural effect will almost invariably be found to accom 
pany each other, and be inseparable in the designing of any 
bridge. Moreover, any bridge built with due consideration 
for, first, efficiency, second, appearance, and, third, economy, 
will be satisfactory and gi-atifying to not only the trained 
expert, but also to the general engineer and railroad man, 
and even to the public ; because when an observer notes that 
in such a structure all the engineering requirements are 
properly provided for, that there is no evident waste of mate- 
rial, and that all due advantage has been taken of the condi 
tions to render the bridge sightly and in harmony with its 
surroundings, his eye will of necessity be pleased, and his 
inherent sense of fitness will cause him to regard the structure 
with a feeling of pleasure. 

In suggesting that **if a steel trussed bridge, economically 
and wisely constructed according to our present light, offends 
our ideals of grace and beauty, the fault perhaps is not in the 
structure, but in the rigidity and immobility of the ideals 
which have been established by conditions long since out- 
grown in the progress of science," Mr. Van Brunt has prob- 
ably indicated the lines of convergence of engineering practice 
and architectural ideals ; for while, as before stated, much 
can be done with most bridge designs to improve them with- 
out increasing their cost or affecting their efficiency, on the 
other hand it is often Impossible for an engineer to modify a 
bridge design so as to meet fully the critical objections of a 
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good architect without introducing features both faulty and 
expensive. It is highly probable that if the engineer vfiil 
modify his designs as much as is legitimate to meet the 
aesthetic requirements of the architect, the latter will gradually 
modify the rigidity of his ideals, and will see lines of grace, 
beauty, and fitness in the polygonal outlines of trussed bridges. 
Mr. Van Brunt himself has already shown this to be true by 
giving his unqualified approval to the architectural effect of 
the truss outlines in the draw-span of the author's bridge over 
tbe Missouri River at Omaha, although these outlines were de- 
termined primarily for utility and secondarily for appearance, 
and notwithstanding the fact that there is no attempt at even 
approximate curvature of chords in the entire span. 

To recognize and acknowledge the deficiencies of modern 
bridge designs from the aitistic point of view is one thing, 
but to show how they are to be remedied is another ; because, 
while it is easy to say that a certain structure does not cpme 
up to one's ideal of grace and beauty, it is very difficnlt to 
show exactly where the defects are, and what should or caa 
t>e done to remove them. 

Notwithstanding this, the author will bow endeavor to 
establish a few fundamental rules which, if followed, ough^ 
to correct the most glaring sources of ugliness in bridge 
designs ; then, by entering more into detail, he will try to 
show how the structures may be decorated appropriately and 
inexpensively. 

The architectural treatment of bridge-designing may be 
divided into these four parts : 

1st. The layout of spans, piers, and approaches. 

3d. Tbe outlining of each span. 

8d. The decoration of each span. 

4th. The ornamentation of tbe entire structure by the adop- 
tion of elaborately artistic approaches. 

In respect to the layout of spans, piers, and approaches for 
any bridge, there is one governing principle which should 
always be complied with, viz., that the entire structure, when- 
ever possible, should be made perfectly symmetrical about a 
middle plane. 
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There is do feature of a bridge so pleasing to the eyes of all 
observers, cultivated and ignorant alike, as perfect syiametry 
in the layout of spans ; consequently it should be attained 
whenever practicable, even if some extra expense be involved 
thereby. 

Unfortunately the conditions are not always favorable to 
perfect symmetry of design, for the bed-rock will often dip 
rapidly, and thus necessitate the use of spans of different 
lengths, and the channel of the river often refuses to keep at 
midstream, persisting in hugging one shore. In such cases it 
becomes necessary to do the best one can with the unfavor- 
able conditions, and to make the structure sightly, if not sym- 
metrical. If there be a draw-span on one side of the river, it 
is best generally to make all of the fixed spans alike. Should 
each span — because of the gradual shelving off of the bed- 
rock, and for the sake of economy — be made longer as the bed- 
rock deepens, the result will be unsightly, even if the incre- 
ment of span length be regular, for the reason that to an 
observer there is no apparent motive for thus diversifying the 
spans. 

Any divergence from symmetry and regularity for which 
there is a self-evident reason produces no unfavorable impres- 
sion upon the beholder, although it maybe sufficient cause for 
failure to excite his admiration for the structure. If one can 
see at a glance the raison d'etre of all the principal parts 
and peculiar features of a bridge, his sense of fitness will be 
satisfied, and his general impression will be favorable ; but 
the nearer the approach to perfect symmetry and the more 
artistic the outlines, the more thorough will be his apprecia- 
tion of the general effect of the structure. 

In making a study of the aesthetics of a bridge design, after 
determining what spans are applicable, it is well to make cue 
or more layouts on a large scale on the brown paper used in 
engineers* oflSces for pencil-drawings, indicating the circum- 
scribing lines of all main membei-s to scale, and tinting or 
filling between said lines with pencil-shading ; then tack the 
paper on a wall, and stand off at various distances to judge 
the effect. By doing th^s one can form a very correct opinion 
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cxwcenQiog the eomparAtive merits of several layouts, «ad can 
ascertain where and how any particular layout can be im- 
proved. A consultation with several members of one's office 
foroe upon the architectural features of the various designs 
will often result in an improved effect ; for nothing else will 
bring out both the favorable aad unf avofable characteristics 
of a plan like discussion. 

In tbe outlining of eftdi span a great deal can be acoon*- 
plished towards beautifying a structure, and there is no better 
way to study the general effect of any proposed outline thao 
the one just indicated, viz., laying out various trusses to 
scale, tacking the paper to a wall, and criticising th^em. U 
will surprise any one who tries this method to see bow quickly 
he can detect the slightest variation from correctness in out- 
line, and what a difference in effect even a small change in a 
truss depth will produce. It was in this way that the trusses 
of the Qmaha draw-span were proportioned , acd it is doubt- 
ful if any improvement could be effected in their outline 
when all factors involved in the question are duly considered. 
In this problem there were but three points to determine, viz^., 
the depths of truss at the two hips and the depth at ^b^ tower, 
for the number of panels was settled by economic considera* 
tions, and the straightness and section of the top chords were 
necessitated by certain questions of efficiency. The depth at 
the outer hips was first determined by the requirements for 
clearance, rigidity, and appearance, then the depths at the 
intermediate hips and tower were settled by trial and discua^ 
sion from the artistic point of view, due attention beijag paid 
to the engineering questions involved by the various incliaa^ 
tions of top chords and inclined inner posts. 

In determining the outlines of a span these few elementary 
principles are to be borne in mind ; 

1st. There is nothing so ugly in a bridge as parallel chorda 
unless it be a skew. However, for spans between one hundred 
and twenty-five feet and two hundred feet it is often best to 
use them, although in certain cases where the loads are great 
it is practicable to adopt polygonal top chords for spans couk 
siderably shorter than the superior limit just mentioned. 
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3d. While h is generally eoonomifial of nuUei-ial to 4i«e 7017 
]oDg pauel9, no such extreme length should be adopted as 
wo.uUl involve an awkwacd appearance due to flatoess of 
diagonals. 

3d. The (curvature of the top choad should be made as great 
as Is oopsistent with a proper oon^ideiation of web stiffness 
and counterbracing. 

4th. When it is practicable in Petit trusses to curve the top 
chord to such an extent as to make too small the inclination 
of the end-posts to the horizontal, it is permissible to let the 
latter extend over one panel only and to make all the main 
diagonals extend over two panels. The effect is ungraceful, 
however^ when the main diagonals occupy one panel each 
near the ends of the span, an.d two panels each elsewhere. 

5th. When appearance alone is in question trusses very 
deep at mid-jEpin are desirable ; but an excessive truss depth is 
conducive to a reversion of botLom*chord stf ess-Hi coaditioa 
which has either to be avoided or provided for by stiffening 
^fae bottom chcnrds. In extremely heavy bridges, especially 
where the dead load is unusually great, it is possible that 
an undue consideraiion for economy of metal might cause a 
designer to adopt a truss depth which would be actually too 
great for appearance, but this is not likely to occur very often 
because of other limiting conditions. 

^th. There are certain limiting relations between width of 
bridge, depth pf ^rossj a^d length of span which for the sake 
of good effect ought not to be exceeded. Usually the rules 
established, en accounl^ of purely engineering questions will 
prevent these limits from being tnausgressed . thus proving a 
maxim which the author has often maintained, viz., that in 
Kay design any violation of engineering principles is also a 
yiolatMNa of good taste from an artistic point of view. 

7tb. A very graceful effect can be obtained by placing the 
lower bofteoutal strutsof the overhead bracing in a cylindrical 
•uriace «i0iilftr to that which contains the panel points of the 
top chords, but, of course, with different curvature. 

In respect to the decoration of each span of a bridge, it may 
ho stated that a little ornamentation is generally much better 
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than a great deal, and that this little should be appropi-iate 
and in keeping with the general character of the structure. 
A prodigal use of cheap cast-iron trimmings at a portal of a 
steel bridge is not in good taste ; but it is perfectly proper to 
decorate the intersections of the members of the portal bracing 
by plates or rosettes, to surmount the upper horizontal portal 
strut by an aesthetically designed parapet, to use ornamental 
corner brackets beneath the lower portal strut, to employ 
fancy name-plates symmetrically arranged, and to place orna- 
mental figures of proper size and desigu at the hips, pedestals, 
or middle of inclined end-posts. It is also permissible to 
ornament the intermediate transverse vertical bracing to a 
slight degree by rosettes and knee-braces, but such decoration 
should be applied sparingly. Again, in large bridges it is 
proper to be somewhat extravagant in the use of metal at the 
portal for the sake of appearance, especially as such metal, if 
it does not add to the strength of the bridge, certainly increases 
its rigidity. 

The ornamentation of viaducts and elevated railways is 
something which has never received in America any attention 
worth mentioning, as is proved by the inherent ugliness of 
nearly all the elevated roads of our great cities, and the pain- 
ful plainness of our railway trestles throughout the country. 
It is principally this neglect of aesthetics in design which has 
created such bitter opposition on the part of the property 
owners to the building of elevated roads in the heart of the 
city of Chicago. 

Electric lights and gas-fixtui-es of artistic pattern can be 
made great aids in securing a pleasing effect in designs for 
bridges and viaducts ; and at night a well-studied distributiou 
of incandescent lights can be made to produce a brilliant 
appearance at the portals of any large and important city 
bridge. 

Ornamental handrails are also of great service in decorating 
trestles and bridges, especially in deck structures, where these 
rails can be built in the form of a highly ornamental parapet 

Architectural effect in bridge-building seldom derives much 
aid from paint, for the reason that it is generally best, on ao- 
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<»iiDt of both convenience and good taste» to use but one colot 
in painting a bridge. A proper choice of color, however, is a 
material advantage ; and it is correct to vary the color in cer- 
tain accessoiy portions of the structure, such as machinery- 
houses, the lettering on name-plates, etc. Some engineers 
have advocated painting the tension and compression members 
of different colors, but this would get one into difficulties in 
spans where certain strictly tension-members are made stiff. 
Ornamental figures should be painted of the same color as the 
rest of the bridge. In general, it may be stated that for ordi- 
nary conditions of landscape the heavier the structure the 
lighter should be the color of the paint used, for the reason 
that if a bridge has an appearance inclining toward clumsi- 
ness this objectionable effect can be lessened by reducing the 
prominence of its members; while, on the other hand, a bridge 
which is of such an extremely light and aiiy design as to pro- 
duce an appearance of weakness can be made to look stronger 
by adopting a paint of dark color^ and thus bringing its mem- 
bera into greater relief in respect to surrounding objects. With 
very dark backgrounds, however, it will often be advisable to 
use a light-colored paint even for slight structures, so as to 
give the bridge a definite outline. 

In regard to the ornamentation of bridges by the adoption 
of elaborately artistic approaches, but little has yet been done 
in America, the reason being that any money so expended 
has evidently no utilitarian purpose, and consequently to the 
eye of the solely practical man appears to be entirely wasted. 
In [Europe it is customary to ornament large and important 
bridges in this way ; and the time is coming when it will be 
the practice in America also. 

A proper proportioning of piers and abutments has a great 
deal to do with the obtaining of an artistically designed bridge; 
but, unfortunately, in these, even more than in the super- 
structure, the almighty dollar is generally the ruling influence 
in the design. In many bridges the piers do not seem to be 
massive enough for the spans ; and, as will be shown in Chap- 
ter XXn, too often they are not sufficiently large to meet cer- 
tain important engineering requirements, which are, as a rule, 
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floored by the average dedgser, and occasionallj even by some 
who consider themselyes bridge experts. In the anthor's 
optaioD, if piers and abutments be adequately designed ffon 
an engineering point of view, they will not fall far short of 
the ideal of ST^tic excellence. 

In coadoding this diapter the author would advise each of 
his readera to study carefully Chapter XXVI on " The ba- 
thetic Design of Bridges/' by David A. Molitor, Esq., C.E., in 
Prof. Johnson's work on the " Theory and Practice of Mo^sm 
Framed Stmctures." Although most of Mr. Molitor's illus- 
trations are necessarily drawn from Eui-opean practioe» there 
are many features thereof which it would be well for Ameri 
can bridge-designers to adopt ; notwithstanding the facts tte€ 
Enropean and American practice in bridge-building are f an- 
damentally and essentially different, and that Ameriean engi- 
neers have little or nothing to learn from their brethren across 
the seas concern the science of bridge design. From an artis- 
tic point of view, however, it must be confessed that the 
average American biidge is inferior to the average Europeaa 
structure ; so, while it is advisable that American bridge-de* 
signers study carefully European practice in resffect to »»< 
thetics, they should be cautious to avoid thoughtless imitation; 
because decorative features which are appropriate to the heavy, 
massive, and costly bridges of Europe would be out of place 
when engfafted on the light, airy, and economic structureB 
that are charaeteriatic of American engineering praietioe. 



CHAPTER V. 

CANTILEVER BRIDGES. 

Thbrb seeBifs to be & notion prevalent among the uQinHiated 
(etogineers too often iacloded) that there is some inher^it vivtue 
In cantHever bridges which renders them superior to ordinary 
lilractureS, in what particulars, however^ t&e said uninitiated 
ai'e not often able to state, although they generally claim that 
it is in economy. 

TMs ilOtlon is entli^ly erroneous ; for eanf ilever bridges are 
tt\whf8 InfeHor iA rigidity to bridges of simple truss spans, 
and, excepting for certain peculiar conditions, are also always 
mot'6 expensive. These exceptional conditions are but two. 
Viz., deep gorges to be crossed by single spans^ and the im* 
^metfcttbillty of using false work because of danger from 
washout. 

If there be aesnmed a river crossing of very great length, n 
which the bed-rock is approximately hwizontal and where the 
conditions affecting erection are not unusually dangerous, 
there is no possible layout for a cantilever bridge which will be 
as inexpensive as a structure consisting of simple truss spans 
of equal length, provided that the said length be the most 
economic one possible. That this fact is not generally known 
is proved by the occasional building of a cantilever bridge in 
a place where the conditions do not eall for one. For instance, 
there was no good reason whatsoever for making the great 
Poughkeepste Bridge a cantilever structure, because by using 
the same number of piers and making all the spans alike the cost 
of the Substructure would not have been at all increased, but 
probably diminished, while the weight of metal in the super- 
structure and towers would have been lessened materially. It 
is tru» there may have been a little saving in cost of false work, 
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but as the materials could have been used several times, it 
could not have been large; while to partially oifset it there is 
the extra cost of the adjusting apparatus and the greater cost 
of erection due to delays in making the central connections. 
Moreover, alternate simple spans could have been erected with- 
out falsework by the expedient adopted by the author for 
several Japanese bridges, which expedient will be described 
subsequently in this chapter. 

There is a small cantilever bridge in Philadelphia close to 
the Pennsylvania Railroad where it approaches the depot, 
which ns a cantilever has absolutely no raisan d*iire. It makes 
the observer think that, before it was built, some of the city 
fathers felt that Philadelphia would be behind the times if 
she did not have a cantilever bridge of some kind or other, 
and that they erected this one in consequence. 

Other illustrations of unnecessary cantilevers could be 
quoted, but it would be a useless task to carry the illustration 
farther. 

If a deep, narrow gorge with rocky sides has to be bridged, 
the cantilever construction will often prove economical for 
two reasons: first, the main piers, being small, are compara- 
tively inexpensive; and, second, the cost of falsework will 
be almost entirely eliminated, only a small amount thereof 
being used for erecting the anchor arms. 

Again, if a stream is to be bridged where it is impossible to 
put in falsework, or where there would be danger of its being 
washed out in case it could be put in, the cantilever will 
prove an economic design, although in certain cases the canti- 
lever arch design described in Chapter VI. may bo otill more 
economical and possibly more rigid. This last feature, how- 
ever, will depend somewhat upon the character of the arch 
adopted. 

That a cantilever bridge is less rigid and deflects more ver- 
tically than a simple span bridge, no one who has examined 
both types of structure under load and who has measured the 
vertical deflections can well deny; nevertheless this compara- 
tive lack of rigidity is no great detriment or weakness, and 
should not be allowed to militate against the building of a 
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properly designed cantilever bridge where the conditions call 

for such a structure. Compared with a suspension bridge, a 
cantilever bridge is rigidity itself. But, again, this is no rea- 
son for condemning in toto suspension bridges, which have 
their legitimate place in engineering construction, viz., where 
either an extremely long span is necessary, or where a cheap 
highway bridge over a wide river is required. 

There is but one kind of steel structure in which the canti- 
lever is more economical of metal than the simple span, viz., 
roofs supported on steel columns, as in train-sheds and work- 
shops. The reason for this economy is the shortening of the 
spans and the ignoring of the effects of reversion of stress 
when proportioning members. The latter is legitimate within 
certain limits because of the infrequency or improbability of 
such reversion. 

Cantilever bridges being of such an unusual type, and their 
use vdth very few exceptions dating back only about twenty 
years, but little effort has yet been made to systematize their 
designing or to investigate their economic features. The only 
paper of any real value on the subject, which has come to the 
author's notice, is one by Prof. Edgar Marburg, published in 
the Proeeedmgs of the Engineers' Club of Philadelphia for 
July, 1896. This paper is an excellent one, but it really does 
not settle any important point concerning the economic rela- 
tions of span lengths, for its mathematical investigations are 
rather crude approximations. 

As the author has lately in his practice accumulated a mass 
of data concerning weights of metal in cantilever bridges, he 
has had his assistant engineer, Mr. Hedrick, extend his calcu- 
lations not only so as to determine all the economic relations 
of cantilever bridges, but also so as to prepare percentage 
curves, by using which the total weight of metal in any canti> 
lever bridge of any ordinary type can be found very quickly 
and with considerable accuracy. 

Before proceeding to present these results, though, several 
other matters will receive consideration. 

In no work on bridges, that the author has ever seen, has 
there been given a statement of the various stresses for which 
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the seyerfll spans of a cantilevei' brtdge should }se %Qred ; to 
suoh a tabulation is herewith presented. 

Strbssbb iit SusFBimsD Span. 

First, Dead-load Stresses. 

Second, Live-load Stresses. 

Third, Impact-load Stresses. 

Fourth. Direct "Wind-load Stresses. 

Fifth. Transferred load Stresses. 

Sixth, Erection Stresses from Dead Load. 

Seventh, Erection Stresses from Wind Load. 

Stresses m CANTiLEVER-ARtts. 

First, Stresses due to Dead Load on Suspended Spaa. 

Second, Stresses due to Live Load on Suspended Spaa* 

Third, Stresses due to Impact Load on Suspended Span. 

Fourth, Stresses due to Wind Load on Suspended Span. 

Fifth, Stresses due to Transferred Load on Suspended SpftQi 

Sixth. Stresses due to Erection of Suspended Span aDd> 
caused by the Dead Load. 

Seventh, Stresses due to Erection of Suspended Spaa aad- 
caused by the Wind Load. 

Eighth. Stresses due to Dead Load on Cantilever-arm. 

Ninth, Stresses due to Live Load on Cantilever-arm. 

TentJi, Stresses due to Impact Load on Cantilever-arm. 

Eleventh, Stresses due to Wind Load on Cantilever-arm. 

Ttoeifth. Stresses due to Transferred Load on Cantilever- 
arm. 

This load affects only the main inclined posts over piers. 

Stresses in Anchor-arks. 

First, Stresses due to Dead Load on Suspended Span. 
Second. Stresses due to Live Load on Suspended Span. 
Third. Stresses due to Impact Load oh Suspended Spaa. 
Fourth, Stresses due to Wind Load on Suspended Span. 
F^th. Stresses due to Transferred Load on Snepended 
Span. 
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Sdith. Stresses due to Breetion of Sospended Bpan and 
caused by* the Dead Load. 

Seventh, Stresses due to Erection of Suspended Span and 
caused by the Wind Load. 

Eighth. Stresses due to Dead Load on Cantilever-arm. 

Ninth. Stresses due to Live Load on Cantilever arm. 

Tenth. Stresses due to Impact Load on Cantilerer-arm. 

Elewnth, Stresses due to Wind Load on Cantilever-arm. 

Twe^th, Stresses due to Dead Load on Anchor-arm. 

Thirteenth. Stresses due to Live Load on Anchor-atm. 

Fourteent^i, Stresses due to Impact Load on Anchor -arm. 

Fifteenth, Stresses due to Wind Load on Anchor-arm. 

Sixteenth, Stresses due to Transferred Load on Anchor-arm. 

Stbbssbs in Main Cbntral Spans. 

chord stbe88b8. 

First. Stresses due to Dead Load from both Suspended 
Spans and Adjacent Cantilever^arms. 

Second, Stresses due to Live Load covering both Suspended 
Spans and Adjacent Cantilever-arms. 

Third. Stresses due to Impact for the latter case. 

Fourth. Stresses due to Wind Load on both Suspended 
Spans and both Adjacent Cantilever-arms. 

Ftfth. Stresses due to Transferred Load on both Suspended 
Spans. 

Sixth, Stresses due to Dead Load on Main Central Span. 

Seventh, Stresses due to Live Load on Maiu Central Span. 

Eighth. Stresses due to Impact Load on Main Central Span, 

Ninth. Stresses due to Wind Load on Main Central Span. 

Tenth, Stresses due to Transferred Load on Main Central 
Span. 

WsB Strbssbb. 

First, Slif^sses due to Dead Load on both Suspended Spans 
ttiid both Cantilever-arms. 

These will be zero for a symmetrical structure. 

Sscond, Stresses due to Live Load on one Cantilever-arm 
mad one adjoining Suspended Span. 
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This loading produces a cobstant shear from end to end of 
Main Central Span. 

Third, Stresses due to Impact from last load. 

Fourth, Stresses due to Transferred Load on one Suspended 
Span. 

This loading produces a constant shear from end to end of 
Main Central Span. 

pyth. Stresses due to Dead Load on Main Central Span. 

Sixth. Stresses due to Advancing Live Load on Main Cen- 
tral Span. 

Seventh, Stresses due to Impact from last load. 

For certain conditions some of these stresses will not need 
to be considered, but in other cases they will, consequently it 
is necessary to insert them in the lists. For instance, in the 
cantilever and anchor arms the edxth and seventh items will 
generally be found to have no influence on the sections of 
members, but in some cases they will, as in long-span high- 
way bridges with light live loads. 

In calculating erection stresses, the weight of the traveller 
must not be forgotten, as its influence on such stresses is by no 
means inconsiderable. 

The combination of the various stresses requires both judg- 
ment and care, for some loads may or may not act together, 
and some produce tension while others produce compression 
in the same member. Again, distinction must be made be- 
tween groups of stresses with and those without wind-stresses, 
so as to use the different intensities of working-stresses given 
in the specifications of Chapters XIV. and XVI. It would be 
too tedious to give here the various combinations of stresses 
for each member of each span ; but it will suffice to say that 
the computer will have to find for each main member in the 
entire bridge the greatest tension when wind-stresses are in- 
cluded, the greatest tension when they are excluded, the great- 
est compression when they are included, and the greatest com- 
pression when they are excluded, taking care not to group 
together any stresses that cannot exist simultaneously. 

The determination of the proper live load per lineal foot for 
any member of a cantilever bridge is one requiring a little 
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care, the rule being that for the piece considered the length of 
span to be used in applying the live-load diagram is the total 
length of structure which must be covered by the moving 
load in order to obtain the greatest stress in the said piece, ex- 
cepting only the suspended span and the main central span, 
for which the live loads actually imposed are to be treated 
exactly like those of simple spans. Of course, the impact is 
to be figured for the length of structure that must be covered 
by the live load to produce the greatest stress in the piece un- 
der consideration. 

Some young engineers have an idea that the finding of 
stresses in cantilever bridges is a complicated matter. On 
the contrary, it is very simple, as every stress can be deter- 
mined by the ordinary principles of statics and very readily by 
the use of graphics. Although the work is simple, it is some- 
what long and tedious, as is evident from the preceding lists 
of stresses. The computer is advised, when finding the stresses, 
not to try to group the loadings any more than they are 
grouped in the said lists, for, if he does, he will probably have 
to separate them while making his combinations. 

In respect to combinations of stresses during erection, there 
will be no necessity for increasing the sections proportioned 
for other combinations, provided they are as large as those 
required by the said erection-stress combinations with the in- 
tensities given in the specifications (Chapter XIV.) for com- 
binations that include wind-stresses, viz., intensities thirty 
per cent higher than those for combinations without wind 
stresses. 

Cantilever bridges may be made either through, deck, or 
half- through; but a combination of deck-spans for the anchor- 
arms and a through-span for the cantilever-arms and sus- 
pended span is awkward-looking and unsightly. There is a 
structure of this type across the St. Lawrence River, near 
Montreal. 

It is no easy matter to give an artistic effect to a cantilever 
bridge ; nevertheless it is generally within the realms of pos- 
sibility to do so, although it must be confessed that most of 
the existing structures of this type are uncompromisingly 
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ugly. If a convex upward Gurv« cau be placed in the itop 
chord of the suspended span, so as to i«verae at the ends ioAo 
a concai^e upward curve on the cantilever-arm> a graceful 
effect will he ohtained ; but the design geuei-ally will Bot be 
economical for erectioA ou account of the large erection^ 
stresses near the point ot suspension. The author has made a 
design on these lines for a pmposed 1500 ft. span highway 
bridge to cross the Mississippi River at St. Louis ; and, as the 
suspended span would be erected on falsework, there is no 
want of economy involved. The layout with all the main 
members drawn to true scale has a very pleasing effect 

In long epans like this it becomes necessary to widen ib» 
cantilever and anchor arms uniformly from ends to main piers, 
80 as to obtain the requisite rigidity for resisting wind-pres^ire 
and so as to keep the wind-stresses yn bottom chords within 
reasonable limits. It seldom pays, however, to build the 
trusses of these arms in planes inclined to the vertical, 
principally because of the complicated shop-work involved. 

The author has lately had occasion to design a number o^ 
large bridges for a proposed branch -line of the Nipi)ou BaiU 
way of Japan. The line, which will be about one hundred 
miles long, is to follow the course of a mountain torrent that 
rises from twenty to twenty-five feet in two or three hours, 
and attaius in places a depth of water exceeding one hundred 
feet with a total rise of sixty feet. Of course, falsework can be 
employed for these bridges only to a very limited extent, hence 
it was necessary to resort to the use of the cantilever. Three of 
the eight structures were designed as ordinary canlilevers> two 
as simple truss-bridges, and three as cautilevers during erec- 
tion and simple spans afterwards. The lust style of bridge is 
very economical of both metal and money, and will bear 
further investigation and extension, so as to be made appli- 
cable to crossings where the ordinary cantilever bridge would 
otherwise be adopted. Its modtis operandi is as follows ; 

At each side of the river there is erected on false work a sim- 
ple span having its chords and certain of its web-members (or 
for short spans all of them) stiffened for erection strei^ses. 
Then over eaich pier is built a toggle consisting of hori^sontal 
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upper^ord eyebars and adjuatable yerticals» by meaiu of 
-wkkh one half of the central span is QaDtilevered over the 
atream to meet the other h&]f» after which the toggles are to 
be removed. This method of erecticm can be undexatood by 
retoeoee to the diagram in Fig. 1. 




PlO. 1. 

One of the three cases mentioned had rather peculiar con- 
ditions, which necessitated the adoption of another expedient. 
About midstream there is a narrow rocky island that reaches 
to about the elevation of extreme high water. Near the edges 
of this island, as shown in Fig. 2, will be built two small piers. 




Fis. 9. 



eaeh of which will support one end of a long span. Between 
the end shoes wiil run a temporary sUut, and from each ped- 
estal will spring a temporary post to support the temporary 
lop-chord eye-bars that run from hip to hip. The rectangular 
panel is braced with temporaiy adjustable diagonals, and the 
(op chord is hinged at the middle and connected to the pedes- 
tals by other temporary adjustable rods. These two sets of 
adjustable rods permit of ihe raising or lowering of one span 
ttt a time. By means of this device more than one half of 
each span can be cantilevered out to meet the remainder there- 
i^, which will be erected on falsework. 
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It is intended to erect the cantilevered portions of all three 
bridges with their ends higher than they will be in their final 
position, so that no raising, but only lowering, of the weight 
of the arms by the toggles will be necessary. The author is 
of the opinion that these toggles will work much more easily, 
and will prove in the end less costly, than the wedges used 
for adjustment in the erection of the Red Rock Cantilever 
Bridge, a description of which was given by Samuel M. 
Rowe, M. Am. Soc. C. E., in the Transactions of that Society 
for 1891, 

In one of the three true cantilever bridges for the proposed 
Japanese railroad an expedient has been adopted by the 
author which may be worthy of description. One approach 
to the structure, as shown in Fig. 3, is through a tunnel end- 
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ing in the face of a vertical wall of rock. It was at first 
intended to use this rock in lieu of one anchor- arm of au 
ordinary cantilever by letting the main posts lie close to its 
vertical face and tying the top chords well back into its mass ; 
but a study of the contours of the rock showed that it dipped 
off to one side of the line in such a way as to render such an 
anchorage of uncertain strength, so it was decided to increase 
the lengths of the suspended span and far cantilever-arm 
sufllciently to cut out the near cantilever-arm, and thus let 
the end of the suspended span roll on two small pedestals at 
the mouth of the tunnel. Five eighths of this span will be 
erected by toggles fastened into the rock, and the remaining 
three eighths will be cantilevered out also by toggles from the 
end of the far cantilever-arm. This method requires more 
metal than does the one first contemplated ; nevertheless it is 
the cheai^est, everything considered, that can be adopted. 
The rock-anchorage in amply stroug for the dead-load pulls 
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on it dtiriilg ertetiob, although, as before stated, it is liot stif- 
flciently reliable fot resisting the effects of live loads. 

The best method of attaching the suspended span of ah 
ordinaiy cantilever bridge is by hangers from inclined end 
posts on the cantilever-arms. For such suspendei-s harrow 
eye-bai-s should be used ; and it is generally better to hinge 
them at the middle. This is because they are subjected to 
transverse bending, due to longitudinal expansion and con- 
traction of suspended span from both changes of temperature 
and the application and removal of the live load. Narrow 
bars can spring slightly without being overstrained, and a 
rotation of the eyes on the pins Will thus be prevented. Such 
a rotation would eventually enlarge the eyes and cut notches 
into the pins, necessitating for some future time expensive 
repairs. 

A suspended span thus hung is free to move longitudinally 
under thi-ust of train, but its ends ai-e tightly held in a lateral 
direction, so. that all wind loads are carried properly to the 
bottom chords of the cantilever-arms ; and excessive longi- 
tudinal motion is prevented by the continuity of the track. 

In cantilever-arms it is better and more economical to 'use 
inclined posts as well as vertical ones over the piers, so 
that the various loads will be carried more directly to the 
masonry. To insure the travel of the wind stresses doWn the 
transverse bracing between these inclined posts, instead of up 
to the apex of the top chord and down the bracing between 
the vertical posts, the author leaves out one pair of diagonals 
of the upper lateral system between the said apex and the tops 
of the inclined posts. The same expedient is used also for 
the anchor-arms and between the hips of the suspended span 
and the cantilever-arms. 

All bracing between opposite vertical posts and between 
opposite inclined posts should be made very rigid ; and in 
double-track structures all the sway-bracing should be pro- 
portioned to carry as a live load, with the proper allowance 
for impact, the gre^Ettest shear which can come upon it from 
loading cnm Side of the floor only. 

Great care is necessary in designing the pedestals over the 
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main piers bo as to carry the loads from the three heavy posts 
to the masonry without overstraining any of the metal in the 
pedestal, and so as to distribute the tot<d pressure uniformly 
over the masonry bearing. Until recently the author has 
adopted pedestals built of plates and shapes, but has lately 
decided to tiy steel castings, as the pound price for these has 
now come down to something like a reasonable figure. The 
difficulty in finding room for the proper number of rivets for 
attaching together their component parts renders built pedes- 
tals clumsy and expensive. 

The anchorage details require special care, and no rules 
can be given to govern their designing, for the reason that 
the conditions vary for all crossings. The following hints, 
though, may be of use to the designer : 

First. The anchor-bars should be made as long and as nar- 
row as practicable, and should be divided into short lengths 
by pins, for the same reason as given in the case of the sus- 
penders of the suspended span. 

Second. All anchorage details should be accessible to the 
paint-brush, excepting, of course, those portions of the bot- 
tonl girders which are buried in the masonry. This result is 
accomplished by leaving wells in the anchorages of sufficient 
size to permit the passage of a man to do the painting. If 
these wells are at any time partially filled with water tempo- 
rarily by the rise of the stream, no harm will be done, pro- 
vided that the painting of the metal-work therein be always 
attended to properly. 

Third. Concrete for anchorages is always preferable to 
masonry, because it can readily be made to take any required 
form. If necessary, its exterior can be protected against 
abrasion from ice or drift by facing with granite or other hard 
rock. 

Fourth. There should be an independent anchorage against 
wind-pressure, obtained by sliding surfaces of steel, one of 
each pair of same forming part of a heavy detail which is 
rigidly attached to the bottom of the end floor-beam, and the 
other forming part of a heavy detail that is anchored firmly 
to the masonry. 
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F^th. The tops of the anchor-piers should be made abso- 
lutely water-tight without interfering with the longitudinal 
expansion of the anchor-arm, so as to prevent rusting of the 
interior metal-work. 

Sixth, The net weight of masonry in any anchor-pier, after 
deducting the greatest buoyant effort of the displaced water, 
should be twice as great as the maximum uplift on the said 
anchor-pier, when the effect of impact is duly included. 

A few observations concerning some of the largest canti- 
lever bridges yet built may be of service to the reader : 

The largest structure of this type in the world is the bridge 
at Queensferry over the Firth of Forth, the main portion of 
which consists of two spans of 1710 ft. each, with central 
spans of 850 ft. each, and two anchor-arms of 680 ft. each. 
The length of the tower-span over the centre pier is 260 ft., 
and that of each of the two other tower-spans is 145 ft., 
making the total length of the main structure 5410 ft. The 
design for this bridge and a complete history of its con- 
struction are given in a special work published by Engineer- 
ing (London). 

The exceptions which the author would take to this design 
are as follows : 

Firat. The suspended spans are just about one half as long 
as they ought to be for both appearance and economy. 

Second, The structure should have been made pin-con- 
nected for both ease of erection and certainty of stress dis- 
tribution. 

TJhird, A single system of cancellation for the webs of the 
girders would have been more scientific than the double sys- 
tem adopted, and would not have been any more expensive. 

Fourth, The structure as a whole, from the point of view of 
American engineers, was unnecessarily expensive. 

On the other hand, though, the labor involved in both the 
designing and building of this bridge was immense ; and the 
successful completion of the structure is a great credit to all 
concerned in its designing and construction. 

The cantilever bridge having the next longest span is the 
Lansdowne Bridge over the Indus River at Sukkur, India. 
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It Consists of a single span of 820 ft. without anchor-ai>his, 
the latter being replaced by guys, and with a suspended span 
of 200 ft. The appearance of the bridge is bizarre in the 
extreme, and the structure is economic in neither weight of 
material nor cost of shop-work. Compared with an American 
bridge of the same span, capacity, and strength, the weights 
of metal in the 820-ft. span only would be about in the ratio 
of unity to 0.75. 

The cantilever having the next longest span, viz., 790 ft., is 
the railway bridge at Memphis over the Mississippi River. 
This sti-ucture is both unsightly and uneconomical of material. 
Its layout of spans is unfortunate (but the War Department, 
and not the designer, is responsible for this), and the truss 
depths ai'e far too small for both economy and appearance. 

The n^xt longest cantilever span is that of the Red Rock 
Bridge over the Colorado River on the Atlantic and Pacific 
Railway. This structure consists of a main span of 660 ft. 
and two anchor-arms of 165 ft. each, the length of the sus- 
pended span being 830 ft. The width between central planes 
of trusses is 25 ft. ; and the truss depth varies from 55 ft. for 
the suspended span to 101 ft. for the vertical posts over the 
main piera. As the author is the person responsible for its 
layout, his criticism thereof will not be of much value. The 
bridge was designed to meet certain conditions, economy in 
first cost being the prime requisite ; consequently the subject 
of sesthetics did not receive great consideration. Engineers 
and architects differ fundamentally in their opinions cobcetn- 
ing the architectural effect in this structure. Some approve 
its appearance; others characteiize it as harsh in its outlines. 
The relations between lengths of suspended span, cantilever- 
arms, and anchor-arms, and those of width and depth, 
although very hurriedly determined, have since been found 
to be just about the best practicable. This bridge, as before 
stated, is described very fully in the Transactions of the 
American Society of Civil Engineers for 1891. 

There are many other cantilever bridges having main spans 
of from 400 ft. to 500 ft. or more, but space will not permit 
their enumeration. 
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Many expedients have been used to connect the metal- work 
of the suspended spans of cantiiever bridges, and considerable 
trouble has often been experieuced in doing the work, owing 
to variations in both length and elevution. The author is of 
the opinion that but little difficulty will be experienced if the 
following precautions be taken : 

First. See that the entire triangulation is so accurately done 
that there will be no possibility of an error exceeding one 
quarter of an inch in the distance between centres of pins 
over main piers. A perusal of Chapter XXIII. will show that 
this is perfectly feasible. 

Second. See that extra precautions are taken by the inspect- 
ors during the manufacture of the metal- work to insure that all 
lengths of main members shall be absolutely correct. 

Third, See that the tapes used in shop and field are of 
exactly the same length. 

Fourth. Use toggles like those described in this chapter for 
effecting the adjustment. 

Fifth. Arrange to have the meeting ends of the chords a 
trifle high, so that lowering and not raising will be necessary. 

Sixth. Arrange matters so that when the ends of the metal- 
work come together they will be a trifle apart rather than tend- 
ing to lap, for it is much easier to heat the chords slightly by sus- 
pending beneath them sheets of metal containing slow fires than 
it would be to cool them by packing ice around them in cloths. 

Referring now to the before-mentioned special investiga- 
tions made by Mr. Hedrick, the questions set him for solution 
at the outset thereof were the following : 

First. The ratio of the economic length of suspended span 
to that of the total opening. 

Second. The most economic length of anchor-arms when the 
total length between centres of anchorages is given, and when 
the main piers can be placed wherever desired. 

Th^d. The relations between the weights of metal in the 
suspended span, oantilever-arms, anchor«arms, anchorages^ 
main pedestals, and anchor- spans. 

Fourth. The best proportionate length for anchor-spaps, and 
tke-eoraparative weights of metal in thoso of different lengths. 
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JB^Ih, The ratio of weights of metal in caotilever bridges of 
various types to those iu simple-span bridges having the same 
number of spans. 

Mr. Hedrick's method of determining the economic functions 
was to take the data on baud for the proposed Japanese canti- 
lever biidges, exact weights of metal having been computed 
for structures of 320-ft., 400-ft., and 500-ft. openings, and, by 
varying the layouts so as to use longer and shorter suspended 
spans and longer and shorter anchor-arms, obtain, by actual 
designs and estimates, the weights of metal for a sufficient 
number of layouts to indicate the desired minima. 

In determining the economic length of suspended span for 
a certain opening, the length for the anchor-arms was fii'st 
assumed to be one fourth of said opening, then the total weight 
of metal in the entire bridge, including even the anchorages 
and pedestals, was figured for several cases ; and the length of 
suspended span giving the least weight of metal for the whole 
structure was found to be about three eighths of the opening, 
although this length showed only one and a half per cent 
advantage over tlie case where the ratio was one half. Now, 
as the rigidity of the entire sti-ucture certainly increases with 
the length of the suspended span, it will often be found best 
to make the length of the latter about one half of the opening 
rather than three eighths or any smaller proportion. On the 
other hand, though, it has been found by trial that, with the 
three-eighths ratio, there results a more sightly layout than 
can be obtained with the one-half ratio. 

Next Mr. Hedrick tabulated the various component truss 
and lateral weights of several of the typical cantilever bridges 
designed in the author's office, the leading dimensions for 
which are given in the following table. 

From these weights he constructed the curves shown on 
Plate X, from which can be found the total weight of metal 
in the trusses and lateral systems of any three-span cantilever 
bridge, when the weight per lineal foot of the trusses and 
laterals in the suspended span is known. This weight, by the 
way, is, on the average, eight per cent greater than that for 
an ordinary simple span of the same length, the extra metal 
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being required maiuly for stiifeniug certain truss members to 
resist erection stresses. Of course, if false work be used for 
the suspended span, the eight per cent excess will not be 
added. 

The curves of percentages are based on two assumptions, 
viz.: first, the panels throughout the entire structure are of 
equal length, and, second, the lengths of the cantilever-arms 
and anchor-arms are the same. The first assumption is nearly 
always correct, for there is no advantage to be gained by 
varying the panel lengths in tbe various portions of the 
bridge. If the lengths of cantilever and anchor arms are un- 
equal, the average weight of metal obtained for the latter by 
use of the curve will have to be coiTCCted by the formula 

r = |(l+r). 

where T' is the correct, final weight of truss and lateral 
metal in the anchor-arm, T is the weight of same found by 
the percentage curve, and r is the ratio of length of cantilever- 
arm to that of anchor-arm. 

It should be observed that, in applying the percentage 
curves to structures having subdivided panels like those of 
the Petit truss, the main or double panel is to be used as the 
basis of calculation. 

The method of applying the percentage curves is as follows: 
Let us take any opening and assume that there are six panels 
in each cantilever-arm, and that the weight per foot of truss 
and lateral metal in the suspended span is tr, the panel length 
being;?, ai|d jpt^ = W. It is to be observed that this method 
is applicable for any proportionate length of suspended span. 

The weight of metal in the floor system, being independent 
of the span length and simply a function of the panel length 
and of the distance between trusses, is not considered in the 
investigation, but is, of course, to be added when figuring the 
total weigljt of metal in the structure. 

The weight of truss and lateral metal in the cantilever-arm 
will be 

1.2TFH-1.4Tr-f 1.65Tf+2.0TF-l-3.41F+3.01F=11.65Tr. 
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The weigkt of metal in the panel over the pier is, ftccordjuig 
to the directioDs on the diagmm, 

1.8 X 3.0Tr= bAW. 

Let us assume that there are only five panels iu the anchpr- 
arm, then the trial weight T will be 

Q,inW+ 1.75Tf + 2AW-\-2,6W+ 3.0T7= 10.10 IT. 
Substituting in the formula gives 

It will be seen front these calculations that the full pe^rpenjb- 
^ges given for the end panel points of cantilever and anchor 
arms are to be used, although in reality there is but a half 
panel length for each point. This is caused by the heavy 
details required at these points for adjustment and anchorage. 
All erection metal at the end of a suspended span is assumed 
to belong to the cantilever arm. 

Should in any case the panel lengths be unequal in different 
portions of the structure, it will be a simple matter to use the 
curves by finding average weights per foot for two assumed 
cases of equal panel lengths, one making the arm greater and 
the other making it less in length than it actually is, and 
interpolating properly between the results for the required 
average weight per foot for the arm. 

The total weight of metal in the two anchorages of any 
three-span cantilever bridge can be taken at five per cent of 
the grand total weight of metal in the stiid three spans, and 
the weight of metal in the pedestals on main piers at four per 
cent of same. Of cour^, conditions vary fo^ different cases, 
nevertheless these percentages will give results sufficiently 
close for all practical purposes. 

If the bridge be so long as to require an aachor-span, its 
weight of truss and lateral metal per lineal foot will be about 
d.2xiw, irrespective, strange to say, of the length of said 
anchor-span, w being the weight per foot of the trusses and 
laterals in a suspended span, whose length is three eighths of 
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the mnin opening. The explanation of this is that the weight 
per foot of the chords, though independent of the upward 
bending moment, increases proportionately to the downward 
bending moment with the length of span ; while the weight 
per foot of the web, in so far as it is affected by the sheara 
from exterior loading, the ruling factor in determining the 
sections of web members, varies inversely as the span length. 

If the length of anchor-span be very short, say materially 
less than one half of the main opening, the weight per foot 
for trusses and laterals will have to be increased to 3.5to, not- 
withstanding the fact that the entire lop chords may then be 
built of eye-bars ; but such short spans would probably be 
barred out by consideration for navigation interests. 

The percentage curves of Plate X will not bear a rigid 
criticism, in that they make the weight of metal depend upon 
the ntimber of panels. It is presupposed, however, that the 
panel length adopted is the most appropriate one for the 
bridge; and the curves will be found quite accurate whenever 
the proper panel length is used. With long panels the weight 
of metal per lineal foot found by the curves for cantilever and 
anchor arms is less than that found thereby for short panels. 
This is as it should be, but to a limited extent only ; for it 
can be found by trial that an abnormally short or abnormally 
long panel length will give results too great or too small when 
checked by computations of weights made from actual 
designs. 

These percentage curves enabled Mr. Hedrick to solve read- 
ily the next problem, viz., given the total distance between 
centres of anchorages and carte blanche as to the location of 
the main piers, to determine the length of each anchor-arm 
which will make the total weight of -metal in the structure a 
minimum. He found this length to be two tenths of the total 
distance between the anchorages. 

It must not be forgotten that for every dollar saved by re- 
ducing the total weight of metal through the shortening of 
the anchor-arms, it will be necessary to spend about twenty 
cents for extra concrete in the anchorages. On this account, 
for the conditions assumed, the truly economic length of rach 
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anchor -arm of a three-span cantilever will generally be a little 
greater than twenty per cent of the total distance between 
centres of anchorages. 

When, however, the problem is to determine the economic 
length of anchor-arm for a fixed distance between main 
piers, the result will be quite different ; because, within 
reasonable limits, the shorter the anchor-arm the smaller will 
be its total weight of metal, and because trestle approach is 
much less expensive than anchor-arm. It would not, for 
evident reasons, be advisable to make the length of anchor- 
arm less than twenty per cent of that of the main opening, or 
say fifteen per cent of the total distance between centres of 
anchorages. With this length there would probably be no 
reversion of stress in the chords of the anchor-arm, even 
when impact is considered. Generally, though, the appear- 
ance of the structure will be improved by using longer anchor- 
arms than the inferior limit just suggested. 

In respect to the best proportionate length of anchor- 
spans, the latter weigh so much per lineal foot for all cases 
that the shorter they are made the greater the economy ; but, 
as before stated, it is improbable that navigation interests 
would ever permit of their being made shorter than one half 
of the main openings. 

In respect to his fifth and last problem, Mr. Hedrick 
obtained the following results -. 

The total weight of metal in a three-span cantilever railroad 
bridge, floor system included, is to the total weight of metal 
in a simple-span bridge of three equal openings, for which false 
work is to be used throughout, as unity is to 0.6. The cor- 
responding ratio for the case of the centre span, erected with- 
out false work, is unity io 0.64. 

For a very long bridge, composed of a succession of canti- 
levers and anchor-spans which are one half as long as the main 
openings, and which has a suspended span resting on each 
extreme pier, the ratio of weight of metal to that in a corres- 
ponding bridge of equal, simple spans and the same number of 
piers, the spans being erected on false work, is as unity to 0.75. 
For the case of alternate simple spans erected without false 
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work, the ratio would be as unity to 0.8. These results were 
obtained by assuming aveiage probable conditions ; but the 
longer tbe simple spans and tbe greater the total length of 
structure, the less will be the variation in weights of cantilever 
and simple-span bridges, although it would require very long 
spans and a great total length of structure to change material- 
ly the ratios found. 

It is therefore evident that, when economy in first cost is 
considered, as it always ought to be, there will seldom, if ever, 
be any need for considering the adoption of cantilever bridges 
with anchor-spans, because structures with simple spans are 
both cheaper and better. It is also evident that in many cases 
it is Eidvisable, from considerations of both rigidity and 
economy, to adopt a bridge consisting of three simple spans, 
with tbe middle one cantilevered from the others, rather than 
the ordinary three-span cantilever bridge. When each of the 
side spans is as short as one-half of the middle span, or even 
shorter, there will be no difficulty experienced in the erection, 
and no great provision will be required for holding down the 
outer ends of the side spans during erection. Of course, the 
nearer to equality that tbe three span lengths are made, the 
greater will be the economy of metal, but a wide divergence in 
these lengths will not necessitate any such increase in weight 
as to alter the preceding conclusion regarding the great econ- 
omy of simple-span bridges over ordinary cantilever structures. 

The question sometimes arises as to how the total weight of 
metal in a three-span cantilever bridge varies with the length 
of the main opening. If the lengths of the anchor-arms vary 
proportionately to the main opening, the increase or decrease 
in the total weight of metal in the structure will vary about 
twice as rapidly as the increase or decrease in length. For 
instance, if the main opening and total length of bridge be 
increased ten per cent, the total weight of metal in the entire 
structure will be increased twenty per cent. This rule, which 
is merely an approximation, will apply fairly well for changes 
not exceeding twenty per cent and for spans of medium 
length. For greater changes the ratio of increase or decrease 
gradually augments, and for very long spans it is slightly 
greater than two, while for very short ones it is slightly less. 
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in respect to the relations which should exist between length 
of main opening, perpendicular distance between central 
planes of ti-usses, and the various truss depths, the author's 
practice is to make the least distance between parallel trusses 
one twenty-seventh of the main opening; the least distance 
between axes of vertical posts over main piers, when the 
trusses converge towards the suspended span, one twenty-fifth 
of the said opening; the truss depth for the suspended span, 
when the chords are parallel, from one fifth to one sixth, or 
for very long spans even one seventh, of the span; and the 
height of the vertical posts over main piers not to exceed four, 
or preferably three and a half, times the perpendicular dis- 
tance between their axes. For through cantilever bridges 
the author generally makes the height of these posts about 
fifteen per cent of the length of the main opening. 

For the sake of appearance the centres of the top-chord pins 
in cantilever-arms are placed on arcs of parabolas, the vertices 
of which are located at the hips of the suspended span; and 
the anchor-arms are laid out to the same curve, beginning at 
the tops of the posts over the main piers. 

In concluding this chapter, a check on the correctness of 
percentage curves for weights of cantilevers will be given by 
applying the curves to the published estimated weights of 
metal in the various members of the longest cantilever bridge 
that has ever yet been designed in detail, viz., the proposed 
2300-ft. span (measured between centres of main piers) for 
the North River Bridge at New York City. This proposed 
structure was designed by the Union Bridge Company. 

The total weight of metal in trusses and laterals of the 7^- 
ft. suspended span is 10,400,000 lbs. The trusses, which arc 
of the Petit type, are divided into six main panels of 130 ft. 
each; consequently the panel weight is 10,400.000-^6=1,733,000 
lbs. In the cantilever-arm there are six and five-eighths main 
panels; consequently the weight of trusses and laterals there- 
for will be 

i.^W+1.4OW+lMW + ^.00W + 2A0W+d.00W 
+ t X 3.60TF = 13.90 Tr= 34,090.000 lbs. 
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Each anchor-arm is 840 ft. loDg, and is divided into seven 
double panels, and there are seven and five-eighths loads to be 
considered; consequently the weight of trusses and laterals 
therefor will be 

0.75 T7+ 1.75 TF+ 2.10 PF + 3.50 Tr+ 3.00 TF+ 3.75 Tr+ 4. 75TF 

+ f X 5.65TF= 22.13 Tr= 38,351,000 lbs. 

This weight must be reduced, owiDg to the fact that the 
length of the cantilever arm is only six sevenths of that of 
the anchor-arm, making r = 0.857. 

- r = 1(1 + r) = ^'^^^'^^ (1.857) = 35,609,000 lbs. 

The total weigbt by the curves for the two cantilever and 
anchor-arms is therefore 

2(24,090,000 + 35,609,000) = 119,898,000 lbs. 

The total weight of metal given in the published estimate 
for trusses and laterals for the two cantilever and anchor arms, 
after deducting 11,500,000 lbs. for weight of metal in the 
anchorages and ignoring the allowance for sundries (which 
was probably put iu for prudential reasons), is 119,700,000 
lbs., making the difference 302,000 lbs., or about one quarter 
of one per cent. 

This is an extremely accurate check, and proves that the 
curves are reliable ; nevertheless the author would not guar- 
antee them to give any such close coincidence for all cases. 

Since these pages went to press the author has been engaged 
on the making of a preliminary design with a detailed esti- 
mate of weight of metal for a proposed double-track railway 
and highway cantilever bridge, with a central opening of 
1,600 ft., to cross the St. Lawrence River near Quebec, 
Canada. The result of the estimate as far as it has been cur- 
ried gives another excellent check on the accuracy of one of 
the curves ; as the error for the cantilever arms is only one- 
eighth of one per cent. The anchor arms have not yet been 
detailed, 
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ARCHES. 

The arch is a rather uncommon type of structure in Amer- 
ica, because tbe conditions which make it economical are 
unusual. For deep gorges with rocky sides, or for shallow 
streams with rock bottom and natural abutments, arches are 
eminently proper and economical. But when a steel bottom 
chord is needed to take up the thrust between springing 
points, all the economy of the arch vanishes. 

The advantages of the arch are a possible economy of metal 
and an esthetic appearance, while its disadvantages are a lack 
of rigidity and, for most types, an uncertainty concerning tbe 
maximum stresses in the members. 

Arches are sometimes used for large train-sheds, in which 
their architectural effect is certainly very fine, but they require 
about twice as much metal as do can tile vered trusses supported 
on columns; consequently they can be adopted only when 
appearance is an extremely important factor in the design. 

When bridge foundations have to be built on piles or on any 
other material that is liable to slight settlement, or wben the 
abutments could possibly move laterally even a mere trifle, it 
18 not proper to adopt an arch superstructure; for any settle- 
ment or any motion whatsoever in either piers or abutments 
would upset the conditions assumed for the computations, and 
thus cause to be increased to an uncertain amount some of the 
stresses for which the superstructure was proportioned. This 
criticism does not apply to the three-hinged arch, but even this 
design requires good, solid abutments and firm foundations for 
piers. 

Arches can be erected on false work, by cantilevering, or by 
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buildiug vertically the two halves and lowering them by cables 
till they meet at the centre. Whichever of these methods is 
the easiest and cheapest is the one to adopt. 

A very easily erected arch is shown in Fig. 4. The pieces 
marked AB are temporary, and are to be used only during 
erection. They can be made of timber, so as to be removed 




Fig. 4. 

readily after the arch is coupled at mid-span, or may be of 
steel, and be left in as idle members, solely for the sake of 
appearance. 

It will be seen from the diagram that the structure is a 
cantilever during erection, and afterwards consists of an arch 
span and two simple spans. This type of bridge probably 
requires a little more metal than would an ordinary segmental 
arch with trestle-approaches, and possibly is not Quite as rigid 
as the latter, but the saving of cost in erection will fully offset 
these disadvantages. 

With three hinged arches there is no ambiguity whatsoever 
in the determination of stresses, but in all other cases there is. 

There are four cases all told, viz. : 

1. Arch without any hinges. 

2. Arch with one hinge (at crown). 

3. Arch with two hinges (at abutments), 

4. Arch with three hinges (at crown and abutments). 
These four cases can be reduced to three, because there is 

no good reason for ever building an arch fixed at the abut- 
ments and hinged at the crown. 
In Case No, 4 there are no temperature stresses, but in all of 
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the other cases there are ; and they must always receiye due 
consideration in proportioning the members. 

All things considered, the author prefers to adopt the three- 
hinged arch for railroad bridges, because the stresses can be 
determined as accurately as can those of an ordinary truss 
bridge, and because of the absence of temperature stresses ; at 
the same time it must be admitted that an arch without hinges 
is more rigid than one with hinges, and that, theoretically, it 
is more economical of metal. 

For highway bridges, in which the assumed live loads will 
seldom, if ever, be realized, it would be best, all things con- 
sidered, to adopt the arch without hinges, so as to obtain the 
greatest possible rigidity, even at the expense of certainty in 
computing stresses. 

For arched train -sheds, the two-hinged arch of crescent 
shape will generally be found the most satisfactoiy. 

While the author was engaged on the preparation of this 
chapter he received a copy of Prof. Malverd A. Howe's new 
book, entitled "A Treatise on Arches," This work, which is 
entirely mathematical in character, is certainly the most com- 
plete book on arches that has ever been written, and appears 
to cover the entire subject of stresses in arches of all kinds in 
a most satisfactory manner, although, of course, the author 
cannot vouch for the correctness of Prof. Howe's figures 
without checking the mathematics from start to finish, a task 
which he feels is too great for both his spare time and his 
advancing years. It is probable, though, that the author will 
have the book checked some time by one of his assistant engi- 
neers, in case that he has to make another design for an arch. 
Meanwhile he is satisfied to assume that all of the mathemati- 
cal work is correct, because of Prof. Howe*s established repu- 
tation as both a mathematician and an engineer. Prof. Howe 
has tabulated the results of his computations in a very con- 
venient form, so that his formulae can readily be applied in 
designing, especially for preliminary designs and estimates. 
In spite of its discouragingly mathematical appearance, Prof. 
Howe's book promises to prove of great practical value to 
designers in structural steel ; and its author is certainly to be 
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commended for the immense effort he has put forth in accom- 
plish log for the engineering profession such a laborious piece 
of work. 

Prof. Howe finds the relative weigbts of metal in a 416' arch 
with a 67' rise, for Cases Nos. 1, 3, and 4, to be as follows : 

Case No. 1, no hinges 1.00 

Case No. 8, two hinges 1.21 

Case No. 4, three hinges 1.80 

The author is of the opinion that, if he were to make three 
such designs for comparison, there would not be such great 
differences in the weights, because constructive reasons will 
cause the designer to use only a few different sectional areas 
in the chords of an arch; while Prof. Howe's students, who, 
as he states, made the calculations from which the tabulated 
ratios were determined, probably proportioned the section of 
each panel length of each chord for the greatest stress to which 
it could be subjected. This would be eminently proper in 
making such a comparison; but the results of the computations 
would not agree with similar results obtained by a bridge 
specialist. 

It is difficult to make a proper comparison in respect to 
economy between aiched and simple truss bridges, owing to 
the fact that the piers differ for the two cases; but a fair one 
can be obtained by assuming that steel braced piers are used 
to support the deck span. 

The author has had occasion lately to design in complete 
detail for a British Columbia railroad a 260- ft, arch bridge, 
shown in Fig. 5, having a rise on the centre line of 59 ft., and 
to compute the exact weight of metal in same. For the sake 
of comparison, he has since designed according to the same 
specifications a 260 ft. deck-span, having a truss depth of 35 
ft., resting on steel braced towers 36 ft. high. The total 
weight of metal for the arch design is 2,111 pounds per lineal 
foot, and that for the truss design, including the towers, is 
2,542 pounds per lineal foot, showing a saving of about twenty 
per cent in favor of the arch. 
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As for the lelative i^idities of these two strttcturaa^ thepe is 
very little doubt that a cosaparison of the iiDished bridges 
under load would result in favor of the simple span. 

In making the preliminary study for the arch bridge hereia 
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referred to, there was prepared a comparative design for a 
three-hinged arch, in which each half of each arch consists of 
a lenticular truss as shown in Fig. 6. 
Contrary to the author's surmise, this design did not prove 
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to be any more economical than that with the circular arch, 
the total weights of metal in the two structures being almost 
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exactly the same. The circular arch was, therefore, adopted 
on account of its superior appearance. 

Concerning the relations between the principal dimensions 
for arch bridges of yarious types but little can be said, for the 
reason that but little is known, because of the scarcity of such 
bridges in this country. In most cases the length of span and 
the rise are determined by the existing conditions at the cross- 
ing. For any given span, the greater the rise the less the 
effect of uniform load stresses, but the greater the effect of 
partial load stresses, and vice verm. Again, for any given 
span and rise, the arch depth does not affect the uniform load 
stresses materially, while it does so affect the partial load 
stresses; and as the latter are inferior in importance to the 
former, it results that the depth of an arch for economy of 
material will be very much less than the best depth for an 
ordinary truss of the same span. The arch depth, too, will 
depend upon whether the arch has fixed ends and continuous 
crown, hinged ends and continuous crown, or hinged ends and 
hinged crown. For the first type, a varying depth increasing 
from the centre to the ends is economic; for the second, a 
varying depth increasing from ends to centre is best; while 
for the third, a constant depth from end to end seems prefer- 
able. Again, the arch depth will depend considerably upon 
the style of web, i.e., whether it be plate, open-riveted, or 
pin-connected. The best depth or depths to adopt for any 
case should be given a special study, in making which Chapter 
VI of Prof. Howe's book will be found of great assistance. 

In respect to the style of curve to adopt, whether circular, 
parabolic, or elliptical, the author's preference would generally 
be for the circular on account of its simplicity, although the 
parabolic might theoretically give better results. 

In the author's opinion, a plate-girder arch should be made 
without hinges, an open -webbed riveted arch either with or 
without hinges, and a pin-connected arch with hinges. In the 
latter case, it is only the web members that should be pin- 
connected, for the chord members should be riveted up and 
fully spliced from end to end. There should be only a 
single system of cancellation used in webs of arches, so as to 
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avoid as much as possible ambiguity in the stress distribution. 
Riveted connections are preferable to pin connections for the 
diagonals on account of rigidity, but are more expensive for 
erection. 

Hard and fast rules for the minimum spacing of outer arches 
of bridges for various spans and rises cannot well be given. 
The narrower the structure within reasonable limits the less 
the cost, but the less also the rigidity and the lateral resistance 
to overturning from wind-pressure. In the 260-f t. span herein 
referred to, the author made the distance between central planes 
of arches twenty-two feet, which was as small a distance as he 
dared to adopt, notwithstanding the fact that economy of first 
cost was an important factor in the design. An approximate 
rule to work by might be to make the perpendicular distance 
between outer arches not less than one third of the height from 
springing point to grade. 

In concluding this chapter, the author desires to call atten- 
tion to the fact that there is still a great deal to be learned 
about the designing of arches ; and to suggest that some pro- 
fessor of civil engineering, who is well posted on bridge de- 
signing and who has time to spare, could spend several months 
to the great advantage of the engineering profession in deter- 
mining the proper relations of span length, rise, arch depth, 
width between exterior arches, etc., for the various styles of 
arch, and in ascertaining the relative economies of the latter. 



CHAPTER Vn. 



TBE»TLE» AND yiADUCTS. 



But little need be said in this chapter concerning the design- 
ing of trestles and viaducts, as that subject is fully covered in 
Chapters XIY and XVI. However, as the latter chapters are 
specifications, and are written in very concise form, it seems 
advisable to give here certain explanations of the reasons for 
the rules and directions therein formulated, even at the risk 
ot repetition of a few matters. 

The best layout for a trestle or viaduct is the one which will 
make the cost of the structure a minimum, provided that the 
i^Mcifications used in designing will insure for any layout the 
requisite strength and rigidity. 

As stated in Chapter III, the greatest economy will exist 
when the cost of the bents and their pedestals is equal to the 
cost of the longitudinal girders and longitudinal bracing. On 
this account it is advisable to make the tower spans shorter 
than the intermediate spans, taking care, however, not to have 
the former too short for either appearance or proper resistance 
to traction. In general, tower spans should vary in length 
from twenty to thirty feet, although for very low structures it 
may sometimes be advisable to go a few feet below twenty. 
For the intermediate spans the length generally varies from 
thirty to sixty feet ; but for very low structures with heavy 
rolling loads the economic length may be found to be less than 
thirty feet, in which case it will be perfectly legitimate to re- 
duce the span length to suit the economic conditions. 

The reason for adopting sixty feet for the superior limit is 
because trestles and viaducts are nearly always erected without 
falsework by starting erection at one end of the structure and 
dropping the membera down by means of an overhanging 
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traveller running on top of the erected portion of the worit. 
With tower spans of thirty feet and intermediate spans of sixty 
feet, the traveller will have to reach out ninety feet to erect a 
tower, which is ahout the extreme practicable limit. However, 
should it be necessary t9 use more or less falsework, longer 
spans than sixty feet would probably be economic. 

The most economic layout for a highway viaduct with 
wooden joists is alternate towers and spans that consist entirely 
of joists, the limiting lengths of span being about twenty 
feet for the towers and twenty-four feet for intermediates, 
which latter length is the greatest span us^ed in general prac- 
tice for 4" X 16" wooden joists. It is not legitimate in such a 
design to rely on the wooden joists of the tower spans to act 
as a part of the longitudinal tower bracing. 

In railroad trestles the longitudinal girders should abut 
against and rivet into the webs of the columns, the latter being 
bent just below the longitudinal girders when the legs are 
battered. The author has lately adopted this detail in some 
trestle designs for a British Columbia railroad, and has found 
it to be very satisfactory. For double-track structures, the 
columns at tops are to be spaced a distance equal to the sum 
of the perpendicular distance between the longitudinal girders 
of one track and that between centres of tracks, and the legs 
may be made vertical up to a limit of about twice the perpen- 
dicular distance between axes of opposite columns. 

For single-track structures, it is generally best to space the 
longitudinal girders and tops of columns ten feet centres, al- 
though an eight-foot spacing is legitimate. The former spac- 
ing gives greater rigidity to the structure, but necessitates the 
use of deeper timber ties. By using very deep ties a greater 
girder spacing may be adopted; but this is not necessary, un- 
less very long intermediate spans erected on falsework be em- 
ployed. 

It is not worth while to use a batter for columns less than 
one and a half inches to the foot, and it is never economical 
to use one greater than three inches to the foot. The smaller 
the batter the less the total weight of transverse bnvcing, but 
the greater the tension stresses on the columns. As a rule, it 
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is best to keep these tension stresses low or even to make tliem 
non-existent; but in high trestles it becomes necessary to per- 
mit and provide for them. 

It is when trestles are on sharp curves that great batters must 
be used, in order to provide against the overturning tendency 
of the combined centrifugal force and wind load. In such 
cases as these with high trestles it becomes necessary to divide 
up the transverse bracing of the lower portion of the tower by 
placing short vertical columns in the middle of the bents, and 
bracing longitudinally between the vertical columns of alter- 
nate adjacent bents. 

In very high trestles, especially when located on sharp 
cui-ves, the combinations of column stresses for live load, dead 
load, traction load, centrifugal load, and wind load run ex- 
tremely high, and demand great column sections; conse- 
quently in such cases it becomes necessary for the designer to 
use considerable good judgment so as to reduce the total stress 
to reasonable limits. For instance, the traction stresses can 
be cut down to lesa than one half by riveting the longitudinal 
girders of an intermediate span to the towers at both ends. 
This reduces the thrust of train owing to the increased length 
of structure used for determining the equivalent uniform load, 
and fixes the tops of the towers so as to make a point of con- 
traflexure at mid-height, thus reduciug the lever-arm and 
therefore the bending moment to one half. 

Again, unless the grade be heavy, it is often legitimate to 
assume that the velocity of train is materially lessened by the 
sharp curve by the time that the train reaches the high portion 
of the trestle; and, as the centrifugal load varies as the square 
of the velocity, the stresses from this load will be greatly re- 
duced by the assumption. 

Again, the prevailing high winds and the centrifugal loads 
may act against each other instead of together, and the com- 
bination may be lowered in amount by recognizing this fact. 

In short, the designer in such a case can use his judgment 
to great advantage, and thus save considerable metal that is 
not really needed, although it might be required if a strict ad- 
herence to the specifications were enforced. 
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The best style of bracing for both the longitudinal and trans- 
verse faces of the towers consists of stiff diagonals, each formed 
of four angles with a single line of lacing, all of said diagouals 
being riveted to the columns and to each other where they in- 
tersect by means of plates, and no horizontal struts being used 
except at top and bottom of towera, where they are necessary 
to make the bi-acing a complete system. The panel-points of 
the longitudinal bracing should coincide with those of the 
transvei'se bracing, although near the top of the tower the 
panels of the latter may be divided on account of the small 
distance between columns. 

In cheap structures, expense can be saved by making the 
diagonals of the sway-bmcing of adjustable rods, and putting 
in horizontal struts at the panel points, which struts should 
always be riveted at their ends to the columns ; because pin- 
connected struts do not stiffen the columns sufficiently to war- 
rant the figuring of the latter as fixed at the panel points. 

When adjustable diagonals are adopted, the employment of 
horizontal struts at top and bottom of towers on all four faces 
is even more imperative than it is when stiff diagonals are 
used. The author has seen trestles without such bottom 
struts, in which the columns have been moved considerably 
out of place by the rods contracting in cold weather and 
drawing the column feet together. Six months afterwards 
the rods elongated and hung in festoons, so were promptly 
tightened up by the bridge inspectors, thus putting them in 
good condition to repeat the operation six months later, and 
so on from year to year till the columns were bowed percep- 
tibly out of line. 

In all towers, in each plane of the main panel points of the 
bracing there should be a horizontal system of diagonal ad- 
justable rods to bring the columns and tower to place and line 
and to retain them there. The use of these systems of hori- 
zontal bracing is a sine qua non in scientific designing, for 
their omission will permit the faces of the tower to get out of 
plane, and thus the metal in the columns will become over- 
strained. 

Whether it is better to arrange the column feet of towers so 
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as to permit of uninterrupted expansion and contraction or to 
anchor them down fixedly is a mooted question among en- 
gineers. The author prefers the former method for the reason 
that, if all the feet are anchored so as to prevent all motion, 
either the pedestals will be sprung laterally or the horizontal 
struts will bulge or be overstrained when the temperature is 
at its upper extreme range. In determining the method of 
sliding, one foot of the four should be made fixed in both di- 
rections, two should be fixed in one direction only, and the 
fourth should be free to slide in both rectangular directions. 

Occasionally it is advisable to use hinged ends for a solitary 
bent ; but the author generally prefers to fix the feet and let 
the column spring laterally under changes of temperature, 
taking care that it be proportioned properly to resist tlie 
stresses due to such springing when the same are combined 
with the other stresses to which the column is subjected. 
Fixed ends for columns of solitary bents are much more con- 
ducive to rigidity of structure than are hinged ends. 

The question of sliding ends for longitudinal girders will 
be treated in the next chapter, which will deal with elevated 
railroads, the expansion pockets being the same for such 
structures as for railroad trestles. 

The best sections for columns are either two channels laced 
or four Z bars wltb a web plate or lacing. If the columns 
have to carry transverse loads, they should have solid webs 
instead of lacing, so as to transmit the shear effectively from 
top to bottom. For light work, four angles in the form of an 
I with a single line of lacing will suffice. 

All columns when spliced should have their splices located 
about two feet above the panel points of the column bracing. 
Failure to so locate them will add materially to the cost of 
erection. All such splices should be made full, more espe- 
cially when the tension on the column runs high. 

In proportioning anchorages, the pedestal weight should be 
made not less than twice the gi-eatest net uplift from the 
column, due account being taken of the buoyant effort of the 
water in case of a possible submergence of pedestal. 



CHAPTER Vm. 

ELEVATED RAILROADS. 

The author has lately written for the American Society of 
Civil EDgineers a lengthy paper on this subject. It has been 
very thoroughly discussed by the engioeering professioo, and 
the discussions have been answered in an exhaustive resume 
by the author and his assistant engineer, Ira- G. Hedrick, 
Assoc. M. Am. Soc. C. E. The original paper^ the discus- 
sions, and the resume have been published in the Tranmieiums 
of the Society for 1897, Vol. XXXVII ; and Any one who de- 
sires to make a special study of the subject of elevated rail- 
roads will do well to read all that has been published thereon 
in the said TranMeiians. 

There will, however, be given in this chapter a compen- 
dium of the contents of the paper for the use of those who 
have no time or inclination to wade through the two hundred 
pages that it occupies. 

LrvK Loads. 

The proper live load to assume in designing an elevated 
railroad is the greatest that can ever come upon it, and is de- 
termined by ascertaining the weights of engines and empty 
cars that are adopted at the outset, then computing how many 
passengers can be crowded into the latter and assuming thnt 
the average weight per passenger is one hundred and forty 
pounds. The live loads for elevated railroads, unlike those 
for surface railroads, do not increase from time to time, but 
remain constant. In fact the late tendency to operate the 
roadft by electricity rather decreases them, for the weight on 
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the axles of a motor car produces smaller bending moments 
than that on the axles of a locomotive. 

After the distribution of the live load on the various axles 
of the entire train has been determined, it is well to prepare a 
diagram of equivalent uniform loads and one of total end 
shears similar to those for the Compromise Standard System 
of Live Loads for Railway Bridges given in Chapter XIX, 
in order to facilitate the computing of stresses and bending 
moments. 

Floor. 

The style of floor in general use on elevated railroacls con- 
sists of timber ties with four lines of timber guard-rails, 
closed floors of buckled plate carrying timber ties in ballast 
being employed at crossings of important streets and boule- 
vards, so as to prevent dirt and moisture from falling upon 
people passing beneath. Such a closed floor has been advo- 
cated for the entire line, and certainly it would be an improve, 
ment upon the open floor ; but the increased expense involved 
is likely to interfere seriously with its adoption for future 
elevated railroads. The ballast over the buckled plate in 
tight floors is necessary to prevent noise from passing trains,' 
which, unless some effective sound-deadener be adopted, 
would be simply deafening. There is one important inci- 
dental advantage in employing a closed floor, viz. , that the 
elevation of the grade is thereby reduced about three feet. 
Of course nearly as great a reduction of elevation can be ob- 
tained with the open floor by resting the timber ties on the 
inner bottom flanges of the longitudinal girders ; but this style 
of structure is objectionable for several important reasons, 
prominent among which are the necessarily large sections of 
the ties and the difficulty in replacing them. 

Economic Span Lengths. 

With the ordinary live loads, for structures located on 
private property the economic span length is about forty feet. 
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while for structures located in the street it varies from forty- 
seven to fifty-three feet according to tlie transverse distance 
between vertical axes of columns, the greater the distance 
the greater the economic span length. With heavier live 
loads the economic span lengths would be shorter. 



Four-column versus Two-column Structures. 

In four-track structures located on private property there 
is but little, if any, difference in the cost whether four col- 
umns or two columns per bent be employed ; but pteference 
is given to the former on account of rigidity. 

Bracbd Towers wrsus Solitary Columns. 

In structures on private property there is quite a gain in 
both rigidity and economy by adopting braced towers spaced 
about one hundred and fifty feet centres. 

Kails. 

The author prefers to adopt for elevated railroads steel 
rails five inches high weighing not less than eighty pounds to 
the yard, so as to provide for the excessive wear caused by 
the constantly passing trains. 

Treated versus Untreated Timber. 

Extended investigations Lave proved to the author's satis- 
faction that it pays well to preserve the track timber, and 
that, up to the present time, by far the best preservative pro- 
cess is vulcanizing. 

Pedestal-caps. 

The most satisfactory and economical pedestal-caps are of 
concrete covered with at least six inches of first-class granit- 
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oid. These have all the advaDtages of cut-stone blocks, aad 
are generally cheaper. The latter, however, cau be used if 
there be anything to be gained thereby, provided that the 
quality of the stone be first-class in every particular. 

AifCHORAOES. 

The author prefers to anchor columns to pedestals by- 
means of anchor-bolts, either two or four per column, ac- 
cording to whether there is bending on the latter in one or 
in two directions, extending well down into the concrete and 
held therein by a cast-iron spider, and extending well up 
outside of the column, to which they connect by means of 
long enclosing plates and heavy washers. The boxed spaces 
at the column feet should always be filled with concrete to 
prevent the collection of dirt and moisture. 

Plate Gibdebs ternLS Open- webbed, Riveted Girders. 

As far as economy goes, there is no material difference 
between plate-girder work and open- webbed, riveted work ; 
but the former is more satisfactory in most particulars, the 
only real advantage of the latter being that it is more sightly. 
On this account it is preferable for structures occupying the 
streets, while plate-girder work is more advantageous for 
structures located on private property. 

Cbimting of Web-stipfening Angles. 

Investigation has shown that it is economical to crimp 
intermediate stiffening angles and to use fillers beneath all 
end stiffeners. 

Sections for Columns. 

The best section for columns located in the street is com- 
posed of two channels with their flanges turned Inward and 
an I beam riveted between the channels, the flanges of the 
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l&itfiT being held in place by interior stay-pktes spaced about 
three f«et centres. The main object in turning the flanges 
inward is to enable the column better to resist impact from 
heavily loaded vehicles. 

The most satisfactory section for columns located on private 
property consists of four Z bars and a web plate. 

Expansion Joint. 

The author's ideal expansion pocket is described very fully 
by both text and drawings in his paper on Elevated Railroads, 
to which the reader is referred, 

Pbopkb Distance between Expansion Points. 

With columns fixed at both top and bottom, as the author 
recommends, the proper distance between expansion points is 
about one hundred and fifty feet. 

BtTPEBEI^BVATION ON CUBVEB. 

Superelevation of the outer rail can be obtained by varying 
the heights of the stringers, by putting a wooden shim on the 
outer stringer, by using bevelled ties, or by spiking a shim to 
each tie. The last two methods are generally preferable, but 
the second one can occasionally be used to advantage, while 
the first one would give unnecessary trouble in the shops. It 
will generally suffice to employ only three bevels for ties, viz. , 
one, two, and three inches in five feet. Such bevels will not, 
it is true, afford the theoretical superelevation required for the 
maximum speed on sharp curves ; but it must be remembered 
that it is difficult to maintain high speed on sharp curves, 
hence the compromise between theory and practice. 

Faults in Existing Elevated Hailboads. 

In concluding his before-mentioned paper, the author made 
a list of the principal faulty details in existing elevated rail- 
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roads, thereby provoking much animated discussion ; and, as 
the subject is one of great importance to the designer of future 
similar structures, that portion of the paper which includes 
this list will be reproduced here verbatim. 



I. INSUFFICIENCY OF RIVETS FOR CONNECTING DIAGONALS 
TO CHORDS OF OPBN-WEBBED, RIVETED GIRDERS. 

This defect is more noticeable in old structures than in later 
ones, especially as the tendency nowadays is very properly 
to substitute plate-girder for open-webbed construction. In 
many of the older elevated roads there is no connecting plute 
between the diagonal and the chord, but one leg of each 
of the angles in the diagonal is riveted-directly to the vertical 
legs of the chord angles. This detail involves the use of 
either two or four rivets to the connection, which is evidently 
very bad designing, as there should be more rivets used, even 
if the diagonal stresses do not call for more on purely theo- 
retical considerations. Where the theoretical number of rivets 
is very small, additional rivets should be used for two reasons, 
viz.: first, one or more of the rivets are liable to be loose, and, 
second, there is nearly always a torsional moment on each 
group of rivets, owing to eccentric connection. 



II. FAILURE TO INTERSECT DIAGONALS AJSfD CHORDS OF 
OFEN-WEBBBD GIRDERS ON GRAVITY LINES. 

It is very seldom indeed that the designer even attempts to 
intersect at a single point all of the gravity lines of members 
assembling at an apex. The failure to do so involves large 
secondary stresses, especially in the heavier members. By 
using connecting plates, it is always practicable to obtain a 
proper intersection ; and it is always better to do this than to 
try to compensate for the eccentricity by the use of extra 
metal for the main members. 



III. FAILURE TO CONNECT WEB ANGLES TO CHORDS BY 

BOTH LEGS. 

Some standard bridge specifications stipulate that in case 
only one leg of nn an^Ie be connected, that leg only shall be 
coimted as acting, although this stipulation is generally 
ignored by the designer working under such specifications. 
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It is seldom, indeed, that both legs are connected. In order 
to settle the question of the necessity for this requirement, the 
author has had made, in connection with his Northwestern 
£levated work, a series of tests to destruction of full-sized 
members of open-webbed girders, attached in the testing 
machine as nearly as practicable in the same way as they 
would be attached in the structure. It was intended to settle 
by these tests the following points : first, effect of connecting 
by one leg only ; second, effect of eccentric connection ; and, 
third, the ultimate strength of star struts with fixed ends, each 
of these sti-uts being formed of two angles. As these tests are 
not yet finished, their results cannot be given here. The 
principal deduction to be made from the tests thus far com- 
pleted is that an equal-legged angle riveted by one leg only 
will develop about 75^ of the strength of the entire net 
section, while a 6'' X 3|" angle riveted through the longer leg 
will develop about 90%. It is therefore more economical for 
short diagonals to use unequal-legged angles connected by 
the longer leg than to employ supplementary angles to try to 
develop the full strength of the piece. In fact, the experi- 
ments made up to dute indicate that these supplementary 
angles will not strengthen the diagonal essentially. However, 
further experiments may show the contrary. 

IV. FAILURE TO PROPORTION TOP CHORDS OF OPEK-WBBBED, 
LOKGirUDINAL OIRDBRS TO RESIST BENDING FROM WHEEL 
LOADS IN ADDITION TO THEIR DIRECT COMPRESSIVE 

STREBBEB. 

This neglect is common enough in the older structures, and 
the fault IS a serious one, although the stiffness of the track 
rails and that of the ties tend to distribute the load and thus 
reduce the bending. 

V. INSUFFICIENT BRACING ON CURVES. 

Too often in the older structures the curved portions of the 
line are no better braced than are the straight portions. A 
substantial system of lateral bracing on curves extending over 
the entire width of the structure and carried well into the tops 
of the columns adds greatly to the rigidity of the structure, 
and, consequently, to the life of the metal-work. 

VI, INSUFFICIENT BRACING BBTVTEEN ADJACENT 
LONGITUDINAL GIRDERS. 

The function of the bracing between longitudinal girders is 
an important one, for it is the first part of the metal- work to 
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resUt the swsLy of trains. Kot only should the top flanges oi 
adjacent girders be connected by ligid Uteral bracing, but tbo 
bottom flanges should be stayed by occasional cross-bracing 
frames, one of the latter being invariably used at each ex- 
pansion end of each track. 



YII. FIN-CONNECTBD, PONT- TRUSS SPANS AND FLATS 6IRBSB8 
WITH UN8TIFFBNBD TOP FLANGES. 

These defective constructions are noticeable in some of the 
older lines, but, fortunately, not often in the newer. 

What the ultimate resistance of the pony-truss structure is 
no man can tell without testing it to destruction ; but, in the 
opinion of most eneineers, it is much less than it is assumed to 
be by those designing pony-truss bridges. 



ym. BXCB86 OF EXPANSION JOINTS. 

Too many expansion joints in an elevated railroad are nearly 
as bad as too few. In the former case the metal is overstrained 
by the vibration induced by the lack of rigidity, while in the 
latter case it is overstrained by extreme variations of tem- 
perature. There are elevated roads in existence with expan- 
sion joints at every other bent, and there is at least one with 
them at every bent. For long spans there should be expan- 
sion provided at every third bent, and for short spans at every 
fourth bent. 



IX. RESTING LONGITUDINAL GIRDERS ON TOP OP CROSS- 
GIRDERS WITHOUT RIVETING THEM EFFECTIVELY 
THERETO. 

This is by no means an uncommon detail, especially in the 
older stiiictures. It is conducive to vibration, and its only 
advantages are ease of erection and a cheapening of the work 
by avoiding field-riveting. 



X. CROSS-GIRDERS SUBJECTED TO HORIZONTAL BENDING BT 

THRUST OF TRAINS. 

The resistance that can be offered by a cross-girder to hori- 
zontal beading is very small ; nevertheless, cross-girders are 
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rarely protected from the bending effects of thrasta of traiaa. 
What saves these cross-girders from failure is the fact that 
contiuuity of the track teuds to distribute the thrust over a 
number of bents. Nevertheless, it is not legitimate to depend 
on this fact, for, especially on sharp curves, the tendency is to 
carry the thrust into the ground as directly as possible. In the 
author's opinion, the only proper way to provide for this thrust 
is to assume that 20^ of the greatest live load between two ad< 
jacent expansion points will act as a horizontal thrust upon 
the columns between these two expansion points : and all parts 
of the metal-work should be proportioneil to resist this thrust 
properly. 

By running a strut from the top of each post diagonally to 
the longitudinal girder at a panel point of its sway-bracing, 
the horizontal thrust is carried directly to the post, and a hor- 
izontal bending moment on the cross-girder is thus prevented. 
Such construction should invariably be used where the condi- 
tions require it. 



XI. CUTTING OFF COLFMNB BELOW THE BOTTOM OF CBOM^ 
GIRDERS AND RESTING THE LATTER THEREON. 

This style of construction, which until lately was almost 
universal, is extremely faulty in that there is no rieidity in 
the connection, and the column is thus made more or less free- 
ended at the top. 

It has been said that no harm is done to the column by 
making it free-ended, as it can then spring better when the 
thrust is applied. Unfortunately this reasoning is fallacious, 
because the few unlucky rivets which connect the bottom of 
the cross-girder to the top of the column tend to produce a 
fixed end, and are, in consequence, racked excessively by the 
thrust of the train. In all cases the column should extend to 
the top of the cross-girder, and should be riveted to it in the 
most effective manner practicable. 



Xn. FALTRY BRACKETS CONNECTING CROSS-GIRDERB TO 

COLUMNS. 

Brackets are often seen composed of a couple of little angles 
attached at their ends by two or three rivets. Such brackets 
are merely an aggravation, and are sure to work loose sooner 
or later. Although it is impracticable to compute the stresses 
in this detail, good judgment will dictate the use of solid- 
webbed brackets riveted rigidly to both cross- girder and col- 



100 DE POITTIBUS. 

limn so as to stiffen the latter and check the transverse vibra- 
tion from passing trains. 



XIU. PROPORTIONING COLUMNS FOR DIRECT LIVE AND 
DEAD LOADS AND IGNORING THE EFFECTS OF BENDING 
CAUSED BY THRUST OF TRAINS AND LATERAL VIBRA- 
TION. 

The practical effects of this fault can be seen to best advan- 
tage by standing on one of the hi^h platforms of one of the. 
elevated railroads, of New York City. The vibration, by no 
means small, from an approaching train can be felt when ii is 
yet at a great distance. Some may claim that this vibration is 
not injurious; but they are certainly wrong, for what does it 
matter, so far as the stress in the column is concerned, whether 
the deflection be caused by vibration or by a statically applied 
transverse load, so lone as the amount of the deflection is the 
same in both cases? It takes metal, and considerable of it, to 
make columns strong enough to resist bending properly ; and 
a suflicient amount should be used to attain this end. 



XIV. oiaesioN of diaphragm webs in columns subjected 

TO bending. 

If the diaphragm web be omitted in such a column, reliance 
must be placed on the lacing to carry the horizontal thrust 
from top to bottom. But even if the lacing figure strong 
enough to carry it, which is unusual, it is wrong to assume it 
so. for the reason that one loose rivet connecting the lacing- 
bars will prevent the whole system from acting, as will also a 
lacing-bar that is bent out of line. Decidedly every column 
that acts as a beam also should have solid webs at right angles 
to each other. 



ZV. INEFFECTIYS ANCHORAGES. 

On account of both rigidity and strength, every column 
ought to be anchored so firmly to the pedestal that failure by 
overturning or rapture would not occur in the neighborhood 
of the foot, if the bent were testeii to destruction. The flimsi- 
ness of the ordinary column- foot connection is beyond descrip. 
tion. 
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XVI. COLUMN FEET SURROUNDED BY AND FILLED WITH 

DIRT AND MOISTURE. 

The condition of the average column-foot is simply deplor- 
able. This is caused by failing to raise it so high above the 
street as to prevent dirt from piling around it, and by omitting 
to fill its boxed spaces with concrete. When rusting at a 
column-foot is once well started, it is almost impossible to 
stop it from eating up the metal i-apidly. 

XVII. INSUFFICIENT BASES FOR PEDESTALS. 

False ideas of economy on the part of projectors and indi- 
ference on the part of some unscrupulous contractors occasion- 
ally cause the use of pedestal bases altogether too small for 
the loads that come upon them, especially where the bearing 
capacity of the soil is low. The result is sunken pedestals 
and cracked metal-work. In figuring the pressure on the 
base of the pedestals, it is not sufficient to recognize only the 
direct live and dead loads, but it is necessary also to compute 
the additional unequal intensities of loading caused by both 
longitudinal and transverse thrusts. 

Concerning the question of the extent to which the faults 
just outlined exist in the older elevated railroads of this 
country, the author would refer the reader to the resume of 
discussions on his paper, and to the report of Mr. Hedrick 
which it contains. 

About the most important object to attain in constructing 
an elevated railroad is to have a perfectly smooth and durable 
track; and no trouble or expense should be spared to secure it. 
For this reason the top flanges of the loDgitudiual girders, if 
the limiting heights of grade and clearance Hue permit, should 
be several inches higher than those of the cross-girders, the 
ties should all be planed to exact dimensions tie-plates should 
be used over all ties, and the system of bolting of flooring to 
structure should be the most effective possible. The longi- 
tudinal girders should not be made continuous, or even semi- 
c6ntinuous over the cross-girders, but, when blocking up is 
necessary, short buckled plates ^ould be placed over the 
latter so as to provide a continuous surface for the ties. Uook 
bolts with cold-pressed threads should be used for attaching 



102 . DB POKTIBUS, 

the timber to the metal-work through each alternate tie, the 
other ties being bolted to the inner guard-rails. 

The ties should be spaced with openings not greater than 
six inches, their section for a five-foot stringer being 6" X 8" 
laid on flat ; but where cross-overs are employed, the depth 
should be properly increased to withstand the bending mo- 
ment due to the greatest load from the wheels. 

The least allowable overhead clearance for meet cities is 
fourteen feet; but there are sometimes special crossings re- 
quiring a greater height. The width of right of way beyoud 
the centre line of the outer track should not be less than seven 
feet. The proper depths of longitudinal girders are to be 
determined very carefully. For the sake of appearance it is 
generally not well to use more than one depth, but such 
an arrangement cannot always obtain. The general depth 
should, if possible, be the economic one for the average span 
length. For plate-girder spans it is about one twelfth of the 
length, while for open -webbed, riveted spans it is much 
greater — so much greater, in fact, that for deck-spans the 
economic depth cannot be adopted, because of the raising of 
the grade which would be caused thereby. 

Before the designing of the metal- work for an elevated 
railroad is started there are certain important matters which 
should be fully determiDcd, viz., the dimensions and weights 
of rolling stock, sizes and number of trains, method of trac- 
tion and the proper track to suit same, the locations of all sta- 
tions and their leading dimensions, the storage capacity for 
the terminals, the capacity of the repair-shops, and the method 
of operating the road. Unless all these questions be settled 
conclusively at the outset and before the designing is begun, 
trouble is sure to ensue because of changes that will have to 
be made from time to time during the course of construction. 

In designing elevated railroads according to the specifica- 
tions given iu this treatise, it must not be forgotten that the 
entire line is to be proportioned by the specifications for rail- 
road bridges (Chapter XIV), while the stations are to be pro- 
portioned by the specifications for highway bridges (Chapter 
XVI). 



CHAPTER IX. 

MOVABLE BRIDGES IN GENERAL. 

Movable bridges may be divided into the following eight 
types : 

1. Ordinary, rotating draws. 

2. Double, rotating, cantilever draws. 

3. Pull-back draws. 

4. Counterweigh ted, bascule bridges. 
6. Rolling, bascule bridges. 

6. Jack-knife or folding bridges. 

7. Lift-bridges. /-^ 

8. Floating bridges. 

The ordinary rotating draws will be treated at length in the 
next chapter. 

Very few double, rotating, cantilever draws have yet been 
built; in fact the author knows of but one, viz., that over 
the canal at Cleveland, Ohio. A number of years ago the 
author had occasion to figure on a large stnicture of this kind, 
but it was never built. 

The principal advantages of this type of structure are a 
wide waterway and the retreating of the span without serious 
injury when struck by a vessel before it is fully opened ; 
while its disadvantages are excessive first cost and the almost 
double cost of operating two independent spans ; although, 
when electricity is used as a motive power, both spans can be 
operated by one man by means of a submerged cable. 

This class of bridge consists of two draw-spans, differing 
but little from the ordinary rotating draw, each resting upon 
a pivot-pier and meeting at mid-channel, where they are 

^ 103 

r 

I 
\ 

I 



104 DB PONTIBUS. 

locked together so as to make the adjoining ends deflect 
equally and simultaneously. The other end of each draw is 
locked to the masoniy of the outer rest-pier, which acts as an 
anchorage. It is not necessary to make the shore arms of the 
same length as the channel arms ; but if there be a difference, 
there must be compensating weight so as to balance each 
span over the centre of the pivot-pier, and there must be a 
vertical, close surface provided at the end of each short arm 
so as to equalize as well as possible the moments of the wind- 
pressure on the two arms. This class of bridge is probably 
not very rigid, but it can be made quite satisfactory and 
effective. 

The pull-back draw is also a very unusual type, and will 
always be so, for the reason that the first cost is great and its 
operation is expensive. This type may be divided into two 
classes: fii-st, structures with one span over the -entire ppening; 
and, second, structures with two spans over the entire 
opening, meeting at mid-channel, as in the case of the double, 
rotating, cantilever draw. The first class requires a truss- 
bridge nearly, if not quite, twice as long as the width of chan- 
nel between pier centres, the bottom chords thereof running 
on two groups of rollers that travel just half as fast as the 
bridge when the span is moved longitudinally. Although the 
shore arm may be made shorter than the channel arm, still its 
weight must be such that its moment will be somewhat greater 
than the tipping moment of the weight of the channel arm just 
as it leaves the farther pier. A disappearing platform will be 
required so as to leave space on the approach for the shore arm 
to move back, or else the whole bridge will have to be rotated 
slightly about a horizontal axis so that it can roll up onto the 
approach. Either method is very clumsy, and the operation 
of the bridge consequently must be slow. 

The double pull-back draw is similar to the single pull-back 
draw just described, except that the far end of each span has 
to be anchored down to a mass of masonry when the bridge is 
closed and ready for traffic, and the ends meeting at mid-chan- 
nel must be locked together as in the case of t)ie double, 
rotating, cantilever draw. 
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The author had occasioa several years ago to design a 
double, pull-back drawbridge ; and although he certainly 
evolved a structure that would work, he was far from satisfied 
with the design, so recommended anotlier type of bridge for 
the crossing. 

There is described in the Engineering Record of July 31, 
1897, a double pull-back draw, which has just been completed 
over the River Dee at Queensferry, Scotland. It provides a 
clear opening of one hundred and twenty feet, and cost about 
170,000. 

Bascule bridges are those in which a shallow deck is raised 
from a horizontal position to a vertical or inclined one so as to 
let vessels pass. They may have either one or two leaves 
whose weight may be counterbalanced in various ways. When 
two leaves are used, they may be made to meet at mid-chan- 
nel and form an arch, may rest on a central pier, may hang 
from a tower or from an overhead span, or may have hanging, 
hinged bents to rest on a submerged pier at the elevation of 
the bed of the channel. 

For spans requiring leaves not longer than seventy-five feet 
the bascule type of bridge is very satisfactory; but beyond 
that limit the first cost of the structure begins to get too high 
as compared with another type of equally satisfactory struc- 
ture, viz., the lift-bridge. Some bascule bridges, notably the 
Tower Bridge of London, England, have an overhead span to 
be used in connection with elevators by pedestrians when the 
lower deck is opened for the passage of vessels. The leaves 
of the Tower Bridge, which are each 113 feet long, do not 
raise quite to a vertical position, requiring one and a half 
minutes to open and as much more to close uuder favorable 
conditions of wind and weather, and sometimes twice as long 
when the conditions are unfavorable. The author has been 
told by an English gentleman resident in America, who made 
lately an investigation concerning the Tower Bridge, that the 
London people complain bitterly about the long time it takes 
to operate the structure. A lift-bridge similar to the Halsted 
Street Lift-bridge of Chicago, 111., could have been built 
instead, which would raise to full height in from thirty to 
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forty-five seconds and lower again in the same time. A full 
description of the Tower Bridge is given in the Pf^oceedings of 
the Institution of Civil Engineers, Vol. CXXVII, 

A good example of the rolling bascule bndge is the Van 
Buren Street Bridge at Chicago, 111., which structure is 
described in Engineering News of Feb. 21, 1896. It consists 
of two leaves, each about seventy feet long, ending in a 
cylindrical surface that rolls on a plane provided with teeth 
which gear into the roller to prevent slipping. "When the 
bridge is closed the short end of each arm is anchored down to 
the masonry so as to permit of its acting as a cantilever. 

Close alongside of this structure is the Metropolitan Elevated 
Railroad Company's four- track bridge, which is also of the 
rolling bascule type. This is divided into two similar double- 
track bridges placed close together and operated separately, 
so that, in case of accident to one bridge, the milroad trafSic 
may be diverted to the other, while the injured span is raised 
out of the way of the river trafiic. 

It is seldom advisable to use a centre pier to rest the leaves 
of the bascule upon, on account of the obstruction which it 
would offer to navigation. 

A submerged pier to receive the ends of the posts of hang- 
ing hinged bents has never been used, nor is it at all likely 
that it ever will be, owing to the difficulties that would 
be encountered in operation, such as those from ice, drift- 
ing sand, changing currents, etc., all of which would tend 
to prevent the column-feet from taking proper bearing on the 
pier. 

Suspending the ends of the leaves from an overhead span, or 
tying them back to the tops of towers, is a perfectly feasible 
method, but is expensive and without advantage. 

There is a bascule bridge in Chicago which is counter- 
weighted by four masses of cast iron in carriages that run upon 
curved surfaces on the approaches, the curves being so figured 
that the varying load at the channel end of the leaf is at all 
times balanced by the varying tension on the cables which hold 
the counterweights. 

There is a similar structure on Michigan Avenue in Buffalo, 
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N. Y., which is described in the Engineering Record of Aug. 
21, 1897. 

Seveml years ago the author figured on a bridge of thistype, 
but abandooed the desigu because he deemed it inferior to 
several othei*s which he prepared for the same crossing. 

An excellent type of bascule bridge is that of the Sixteenth 
Street Bridge over the Menominee Canal at Milwaukee, Wis. 
It is described in Engineering News of March 7, 1896. The 
peculiar feature of this design is that, during motion, the 
centre of gravity of the mass travels in a horizontal plane, 
thus reducing to zero the lifting effort for the machinery. 

A temporary bascule of peculiar detail was used for several 
years at the crossing of the Harlem River on the New York 
Central and Hudson Hiver Railroad. It is describi^d in the 
Railroad Gazette of June 10, 1892. The characteristic feature 
of this structure, which by the way is a lather clumsy con- 
trivance, is the picking up and dropping of small counter- 
weights while lowering or raising the span. 

There is a serious objection to all large bascule bridges, viz., 
the great surface opposed to the wind by the leaf or leaves 
when the bridge is being opened or closed. To overcome this 
pressure powerful machinery has to be used ; and it is by no 
means improbable that even such machinery will be stalled 
when a high wind prevails. 

The jack-knife or folding bridge is a type of structure which 
is not at all likely to become common. There have been only 
two or three of them built thus far, and they have been often 
out of order ; moreover, considering the size and weight of 
bridge, the machinery used is powerful and expensive. 
The load on the machinery while either opening or closing the 
bridge is far from uniform, and the structure at times almost 
seems to groan from the hard labor. The characteristic feature 
of the jack-knife bridge is the folding of the two bascule 
leaves at mid-length of same when the bridge is opened. The 
loose- join ted ness involved by this detail is by no means con- 
ducive to rigidity ; nevertheless these structures are stiffer 
than one would suppose from an examination of the drawings. 
The Canal Street Bridge, Chicago, is of this type ; and its 
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design is illustrated in Engineering News of December 14, 
1893. 

Lift-bridges on a small scale have been used for many years 
for crossings of canals, lifting only high enough to let the 
canal-boats pass beneath. They have proved to be quite 
satisfactory and fairly economical in both first cost and 
operation, the method of the latter being usually man-power. 

No large structure of this type was ever built until 1893, 
when the author designed for the city of Chicago the South 
Halsted Street Lift-bridge. This structure has been described 
in the principal engineering papers of America and Europe, 
and the author's description, written for the American Society 
of Civil Engineers, may be found in the Transactions of that 
Society for January^ 1895, from which the following descrip- 
tion is taken : 

The bridge consists of a single, Pratt truss, through-span of 
130 ft., in seven equal panels, and having a truss depth of 
23 ft. between centres of chord pins, so supported and con- 
structed as to permit of being lifted vertically to a height of 
155 ft. clear above mean low water. At its lowest position 
the clearance is about 15 ft., which is su£9cient for the pas- 
sage of tugs when their smokestacks are lowered. The span 
differs from ordinary bridges only in having provisions for 
attaching the sustaining and hoisting cables, guide-rollers, 
etc., and in the inclination of the end posts, which ai*e 
battered slightly, so as to bring their upper ends at the proper 
distance from the tower columns, and their lower ends in the 
required position on the piers. 

At each side of the river is a strong, thoroughly braced, 
steel tower, about 217 ft. high from the water to the top of 
the housing, exclusive of the flag-poles, carrying at its top 
four built-up steel and cast-iron sheaves, 12 ft. in diameter, 
which turn on 12-iu. axles. Over these sheaves pass the 1^-in. 
steel-wire ropes (32 in all) which sustain the span. These 
ropes are double, i.e., two of them are brought together where 
the span is suspended, and the ends are fastened by clamps, 
while, where they attach to the counterweights, they form a 
loop, which passes around a 15-in. wheel or pulley that acts as 
an equalizer in case the two adjacent ropes tend to stretch 
unequally. 

The counterweights, which are intended to just balance the 
weight of the span, consist of a number of horizontal cast-iron 
blocks about 10 x 12 in. in section, and 8 ft. 7 in. long, 
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Strung on adjustable wrought-iron rods that are attached to 
the ends of rockers, at the middle of each of which is inserted 
the 15-in. equalizinc^ wheel or pulley previously mentioned. 

The counterweights run up and down in guide-frames built 
of 8-in. angles. 

The weight of the cables is counterbalanced by that of 
wrought-iron chains, one end of each chain being attached to the 
span and the other end to the counterweights, so that, what- 
ever may be the elevation of the span, there will always be 
the same combined weight of sustaining cables and chain on 
one side of each main sheave as there is upon its other side. 

Between the tops of the opposite towers pass two shallow 
girders thoroughly sway-braced to each other, and riveted 
rigidly to said towers. The main function of these girders 
is to hold the tops of the towers in correct position; but in- 
cidentally they serve to support the idlers of the opemting 
ropes and to afford a foot walk from tower to tower for the use 
of the bridge-tender. Adjustable pedestals under the rear legs 
of each tower provide for unequal settlement of the piers which 
support the tower columns. Each of these pedestals has an 
octagonal forged steel shaft, expanding into a sphere at one 
end, and into a cylinder with screw-threads at the other. The 
ball end works in a spherical socket on a pedestal, and the 
screw end works in a female screw in a casting which is very 
firmly attached to the bottom of the lower-leg. By turning 
the octagonal shaft, it is evident that the rear column will be 
lengthened or shortened. The turning is accomplished by 
means of a special bar of great strength, which fits closely to 
the octagon at one end, and to the other end of which can be 
connected a block and tackle if necessary. These screw ad- 
justments were useful in erecting the structure, but it is quite 
likely that they will never again be needed. But in case there 
is ever any tower adjustment required, it will be found that 
the extra money spent on them will have been well expended. 

Each tower consists of two vertical legs, against which tlie 
roller-guides on the trusses bear, and two inclined rear legs. 
These legs are thoroughly braced together on all four faces of 
the tower; and at each tier thereof there is a system of hori- 
zontal sway-bracing, which will prevent most effectively every 
tendency to distort the tower by torsion. 

At the tops of the towers there are four hydraulic buffers 
that are capable of bringing the span to rest, without jar, from 
its greatest velocity, which was assumed to be 4 ft. per second; 
and there are four more of these buffers attached beneath the 
span, one at each corner, to serve the same purpose. 

The span, with all that it carries, weighs about 290 tons, and 
the counterweights weigh, as nearly as may be, the same. As 
the cables ana their counterbalancing chains weigh fully 20 
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tons, the total weight af the moving mass is almost exactly 600 
tons. 

Should the span and the counterweights become out of bal- 
ance on account of a greater or less amount of moisture, snow, 
dirt, etc., in and on the pavement and sidewalks, it can bead- 
justed by Jetting water into and out of ballast-tanks located 
beneath the floor; and, should this adjustment be insufficient, 
provision is made for adding small weights to the counter- 
weights, or for placing such weights on the span. 

As the co\mterweights thus balance the weight of the span, 
all the work which the machinery has to do is to overcome the 
friction, bend the wire ropes, and raise or lower any small un- 
balanced load that there may be. It has been designed, how- 
ever, to lift a considerable load of passengers in case of neces- 
sity, although the structure is not intended for this purpose, 
and should never be so used to any great extent. 

The span is steadied while in motion by rollers at the tops 
and bottoms of the trusses. There are both transverse and 
longitudinal rollers, the former not touching the columns, un- 
less there is sufficient wind-pressure to bring tbem to a bear< 
ing^ The longitudinal rollers, though, are attached to springs, 
which press them against the columns at all times, and take 
up the expansion and contraction of the trusses. With the 
rollers removed, the bridge swings free of the columns ; and, 
since the attachments are purposely made weak, the result of 
a vessel's striking the bridge witli its hull will be to tear them 
away and swing the span to one side. Should the rigging of 
the vessel, however, strike the span, the effect will be simply 
to break off the masts without injury to the bridge. This lat- 
ter accident has happened once already, the result being; ex- 
actly what the author had predicted. There is a special ap- 
paratus, consisting of a heavy square timber set on edge, 
trimmed on the rear to fit into a steel channel which rivets to 
the cantilever- brackets of the sidewalk, and faced with a 
6 X 6-in. heavy angle-iron, to act as a cutting edge. This 
detail is a very effective one for destroying the masts and rig- 
gii^ of colliding vessels. 

The bridge is designed to carry a double-track street rail- 
way, vehicles, and foot-passengers. It has a clear roadway of 
34 ft. between the counterweight guides in the towers, the 
narrowest part of the structure, and two cantilevered side- 
walks, each 7 ft. in the clear, the distance between central 
planes of trusses being 40 ft., and the extreme width of sus- 
pended span 57 ft., except at the end panels, where it is 
increased gradually to 63 ft. The roadway is covered with a 
wooden block pavement 34 ft. wide between guard-rails rest- 
ing on a 4-in. pine floor, that in turn is supported by wooden 
shims which aie bolted to 15- in. I-beam stringers, spaced 
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about 8 ft. 8 in. from centre to centre. These stringers rivet 
up to the webs of the floor-beams, and beneath them run 
diagonal au^les, which rivet to the bottom flange of each 
stringer, aud thus form a very efficient lower lateral system. 
The sidewalks are covered with 2-in. pine planks, resting on 
8 X 12-in. pine joists spaced about 2 ft. from centre to centre. 

The span is suspended at each of the four upper cornera of 
the trusses by eight steel cables, which take hold of a pin by 
means of cast-steel clamps. This pin passes through two 
hanger-plates which project above the truss, and are riveted 
very effectively to the end post by means of the portal plate- 
girder strut on the inside and a special, short, cantilever girder 
on the outside. 

Each portal-girder carries near each end an iron-bound oak 
block to take up the blow from the hydraulic buffer, which 
hangs from the overhead girder between towers. Similar 
oak blocks are let into and project from the copings of the 
main piers to take up the blow from the hydraulic buffers 
that are attached to the span. 

The ballast-tanks before alluded to, of which there are four 
in all, are built of steel plates properly stiffened, and have a 
capacity of about 19,000 pounds, which is probablv more than 
enough to set the bridge in motion, if it were all an uubaU 
tmced load. These tanks serve a double purpose, the first 
being simply to balance the bridge when it gets out of adjust- 
ment because of the varying load of moisture, etc., on the 
span, and the second bemg to provide a quick and efllcient 
means of raising and lowering the span in case of a to:al 
breakdown of the machinery. If, for instance, — which is 
highly improbable, — the operating ropes were broken and 
had to be detached from their drums, by emptying all of the 
water out of the tanks the span could be made to rise. It 
could be lowered again by filling them from a reservoir 
which is placed on top of one of the towers and kept filled 
with water at all times by means of a pump in the machinery- 
house. The water in all of these tanks can be kept from 
freezing, or the ice therein can be thawed at any time, by 
turning on steam from the machinery-room into the coils of 
pipe wnich they contain. 

The operating machinery is located in a room 37 X 53 ft., 
the opposite sides being parallel, but the adjacent sides being 
oblique to each other, the obliquity amounting to about 12 
degrees. The placing of this machinery beneath the street 
was really forced upon the author, who had originally con- 
templated using electrical machinery and putting it in a 
house in one of the towers. 

The arrangement of the operating machinery is as follows : 
Two 70-H.P. steam-engines communicate power to an 8-in. 
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horizontal shaft carrying two 6-ft. spiral-grooved, cast-iron 
drums, around which the |-in. steel- wire operating cables 
pass. As one of the lifting-ropes passes off the drum, the 
corresponding lowering-rope takes its place, and vice versa, 
the extreme horizontal travel being a little less than 12 in. 
Thus by turning the drums in one direction the span is 
raised, and by turning them in the other direction the coun- 
terweights are raised, and the span consequently is lowered. 
When the span is at its lowest position, the full power of one 
engine can be turned on to pull up on the counterweights, 
thus throwing some dead load on the pedestals of the span, 
after which the drums can be locked. Before the bridge was 
completed the writer considered that this would be necessary, 
in order to check vibration from rapidly passing vehicles ; but 
such has not proved to be the case, for the span is very rigid, 
and the amount of the vibration is not worth mentioning. It 
is possible, though, that in some other lift-bridges, where the 
ratio of live load to dead load is greater, this feature of opera- 
tion cannot be ignored. 

The engines are provided with friction-brakes that are 
always in action, except when the throttle is opened to move 
the span ; consequently no unexpected movement of the span 
is possible. 

The raising-ropes, after leaving the drums, pass out of the 
machinery-house to and beneath some 5-ft. idlers under the 
towers, thence up to the top of the north tower, where they 
pass over some 4-ft. idlers and the main 12-ft. sheaves. Four 
of them here pass down to the north end of the span, and the 
other four run across to the other tower over more idlers, then 
down to the south end of the span. 

The lowering - ropes, after leaving tne drums in the 
machinery-room, pass under some idlers below the north 
tower, and thence up to more idlers at the top of the tower. 
Four of them here pass down to the counterweights in the 
north tower, and the other four run across, over intermediate 
idlers in the overhead bracing, to the main 12-ft. sheaves of 
the south tower, then downward to the counterweights. 

In addition to the previously mentioned method of moving 
the span by the water-ballast, there is a man-power operating 
apparatus of simple design in the machinery-house, which, 
when used alone, can raise and lower the span slowly in case 
the steam-power gives out, or more rapidly when combined 
with the water-ballast method. 

As the span nears its highest and lowest positions, an auto- 
matic cut-off apparatus in the machinery-room shuts off the 
steam from the cylinders and thus prevents the hydraulic 
buffers from being overtaxed. 
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ADYANTAGBS OF UFT-BBIDGES. 

The advantages of lift-bridges in comparison with rotating 
drawbridges are as follows : 

1st. A lift-bridge gives one wide channel for vessels instead 
of the two narrow ones afforded by a centre-pivoted swing- 
bridge. 

2d. There are no land damages in the case of a lift-bridge, 
as the whole structure is confined to the width of the street 
These land damages in the case of some swing- bridges 
amount to a large percentage of the total cost of structure. 

3d. Vessels can lie at the docks close to a lift-bridge, which 
they cannot do in the case of a swing-bridge; conseauently 
with the former the dock-front can be made available for a 
much greater length between streets than it can with the 
latter. 

4th. The time of operation for a lift-bridge is about dO% 
less than that for a corresponding swing-bridge. 

The advantages of a lift-bridge in comparison with a bascule 
or a jack-knife draw, both of these being supposed to be with- 
out a centre pier, are as follows : 

1st. The lift-bridge can be made of any desired span, while 
in the case of the others the span is necessarily quite limited 
in length. 

2d. A lift-bridge can be paved, while the others cannot. ^ 

3d. The lift-bridge is very much more rigid than any struc- 
ture composed of two or more partially or wholly independent 
parts, a feature characlerislic of the jack-knife bridge or the 
bascule without a centre pier. 

4th. In a lift-bridge the operating machinery is much more 
simple ; and, in case that it should ever get out of order, the 
span can be raised or lowered either by unbalancing, or by 
simple hand mechanism, or by both combined. 

If the author were to design another lift-bridge similar 
to the Halsted Street structure, and if he were given carte 
blanche in the designing, he would make the following im- 
provements : 

1. Curve the rear columns and arch the overhead girders at 
tops of towers, so as to improve the general appearance. 

2. Operate by electricity instead of by steam. 

3. Place the maohinery-house in one of the towers and 
dispense with the operating-house on the span, letting the 
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operator stand in a bow-window of the machinery-house so as 
to command a view of the river iu both directions. 

4. Omit the water-tanks as an unnecessary precaution, and 
rely on the great capacity of the electric motors to overcome 
any temporary unbalanced load. 

5. A sampler and less expensive adjustment at feet of rear 
columns. 

6. Cast steel instead of cast iron for all machinery. 

7. Catch the balancing chains in buckets placed on top of 
the span instead of hanging them to the counterweights. 

The author has designed a rather peculiar lift-bridge for a 
crossing of the Missouri River at Kansas City, Mo., at the 
site of the unfinished Winner Bridge, the piers for which 
have been completed for over six years. The proposed super- 
structure will provide for two railway-tracks on each deck, a 
single-track wagonway outside of each truss below, and a 
footwalk outside of each wagonway. The perpendicular 
distance between central planes of trusses is to be thirty-two 
feet. 

The requirements of navigation will be provided for by 
means of a lifting deck in the second channel span from the 
Kansas City side, suspended from a through overhead span. 
This span will be supported on steel columns carried by the 
existing masonry piers, which will have to be cut down to 
about the elevation of standard high water, then rebuilt for 
two or three courses. At one end of the supporting span the 
vertical end posts are made fast to the bent posts below by 
means of a pin connection, but at the other end there is to be 
a nest of friction- rollers between the foot of each vertical end 
post and the top of the bent column beneath. These bents are 
to be stayed to the inclined end posts of the adjoining spans. 

The lifting deck will consist of four lines of railway plate- 
girder stringers and four lines of open-webbed highway 
stringers, with an effective system of horizontal and vertical 
sway-bracing between the stringers of each pair, besides a 
very rigid lateral system attached to the lower flanges of all 
stringers. All of these stringers will rivet up against the webs 
of the cross-girders, the elevations of the upper surfaces of all 
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longitudinal and cross girders being the same, so as to permit 
of making the longitudinal girders continuous bj means of 
cover- plates. To permit of the use of similar cover-plates for 
the bottom flanges of the longitudinal girders, the webs of the 
cross-girders are to be slotted for their passage, and the 
weakened web sections are to be strengthened by means of 
angle-irons. 

The cross-girders, which are slightly fish-bellied, are to be 
riveted at their ends into hangers, each of which is composed 
of two twelve>inch I beams, the distance between the vertical 
axes of hangers being forty-one feet. Beyond the hangers will 
be cantilever brackets for carrying the highway stringers, 
said brackets being connected at top to the cross-girders by 
cover-plates and at the bottom by planed ends that will afford 
effective contact for the meeting flanges. 

At the top of each hanger is a detail for connecting to the 
cables, and beneath the same is placed a hydraulic buffer so 
arranged that, when the movable deck is at its lowest position. 
the live load thereon is carried by the hangers through the 
buffers to certain cantilever brackets, which project from the 
ends of the cross-girders of the supporting span. 

These cantilever brackets and the fish-bellying of floor- 
beams and stringers are the only peculiar features of the sup- 
poiting span, with the exception of the vertical end posts and 
the unusual sizes of all truss members. 

While the live load of the movable deck is carried through 
the hydraulic buffers to the bottom of the supporting span, 
the dead load passes by means of the wire cables to the top of 
said span. 

The lifting deck will be operated by electrical machinery 
located in the house at the middle of the top of the through 
or supporting span. The weight of the lifting deck, which 
amounts to about 1,850,000 pounds, is counterbalanced by cast- 
iron weights in groups, each about four feet long, four feet 
wide, and four feet six inches high, strung on tightly adjusted 
rods to hold them in position ; and is supported by one hun- 
dred and twelve steel-wire cables one and a quarter inches in 
diameter that pass over fifty-six cast-iron sheaves five feet in 
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diameter. These sheayes are connected by transverse three- 
inch shafts and gearing to the centml four and a half inch 
shaft, which runs the whole length of the through span and 
connects to the two one hundred horse-power electric motors 
in the machinery- house. Either motor alone is capable of 
operating the lift under the most unfavorable conditions. Each 
sheave supports the two halves of a wire rope about one hun- 
dred and sixty-five feet long, the ends being run into sockets. 
This rope passes around a twelve-inch equalizing-wheel 
attached to tbe counterweight suspender, so as to adjust any 
unequal stretch of the two halves of the rope. 

The hydraulic buffers previously described, thirty in num- 
ber, are used to bring the deck to rest at the lowest position of 
its travel, and thirty more are employed for the same purpose 
at its highest position. 

In addition to the buffers there will be automatic, electric 
cut-offs to remove the power before the deck reaches either 
end of its travel, besides powerful brakes to bring the moving 
mass to rest quickly whenever the operator may so desire, and 
always automatically at ihe highest and lowest points of travel, 
in order to relieve the buffers. 

The main sheaves are five feet in diameter and five inches 
wide, with eight radial arms. They are each cast in one 
piece and keyed to a seven-inch steel axle, that rests on two 
pillow-blocks each eight inches long, fitted with bronze bear- 
ings. 

The pillow-blocks rest on short posts riveted into long 
transverse girders that rest on the top chords and cantilever 
out beyond them about five feet at each end. These posts 
are to be well braced longitudinally. The supporting detail 
between the transverse girders and the top chords is such as to 
distribute the load properly over the latter. 

There will be at each of tbe four corners of the moving deck 
two rollers for transverse motion and two for longitudinal 
motion, all acting on the faces of tbe columns that uphold the 
supporting span. The transverse rollers do not act unless 
there be suflScient wind-pressure on the deck to move it 
laterally ; but the longitudinal rollers act whenever the deck 
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is moved, as they are backed by springs that press them at all 
times against the columns. 

When the deck is at its lowest position it will be held 
firmly to the piers, with a proper provision for longitudinal 
expansion, in such a manner as to relieve entirely the guide- 
rollers from carrying the wind-pressure, so that they can act 
only when the deck is raised. 

The machinery-house will be about twenty-two feet square 
and fourteen feet high under the eaves, capped by a dome, 
and finished in an ornamental style. The floor is to be of 
I beams supporting a four-inch plank floor. 

All main sheaves are to be covered with ornamental hous- 
ings, and all gears are to be covered with small galvanized- 
iron hinged housings. 

The velocity of the lifting deck will be limited to one 
foot per second by means of an automatic governor attached 
to the electrical machinery. The time required to either raise 
or lower the deck the full height will therefore be about one 
minute. 

To provide for a possible breakdown of the electrical 
machinery, a man -power apparatus will be employed, con- 
sisting of two capstans connected to the main shaft by means 
of gearing located in the machinery- house, and operated by 
levers working in horizontal planes. 

The moving deck and counterweights will be balanced when 
the deck is at mid-height. On this account there will be a 
constant tendency to hold the deck from vertical motion at 
both ends of its travel, because of the unbalanced weight of 
the wire cables. In one sense this will be a decided advan- 
tage, but it will necessitate extra power to start the mass in 
motion. Again, the deck will be balanced for ordinary con- 
ditions of weather, but it is probable that the weight will be 
increased by moisture, accumulated dirt, etc. This, if it 
exist to a moderate extent, will be an advantage, in that it 
will tend to hold down the deck on the piers ; but, as before, 
it will require increased power to start motion and to operate. 
However, the amount of power available will be large enough 
to meet all conditions of loading and contingencies. Should 
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the deck become lighter than the counterweights by reason of 
the drying of the timber in the floor and screens, it will be 
necessary to add to its weight by loading it } but this condi- 
tion is not likely to exist, for what weight is lost by drying 
will be fully made up by accumulated dirt in spite of all the 
precautions that may be taken to keep the floors clean. 

Whether this proposed structure will ever be built is prob- 
lematical, although there is a fair chance of its being finished 
some day with modifications tending to cheapen the work. 
It would be a great satisfaction to the author to complete this 
bridge because of the novel design for the lifting deck. 

Floating draws are a type of structure that cannot be recom- 
mended except as a temporary expedient. The author had 
occasion once to design one of them, but the necessity for its 
use did not develop, so it was not built The objections to 
floating draws are as follows : 

1. Trouble from rise and fall of water, necessitating con- 
stant adjustments. 

2. The depression of the draw under the live load and the 
consequent changing of the grade. 

8. Possible disaster from injury by ice or drift. 

4. Trouble from leakage. 

6. Clumsiness of method of opening and closing the draw. 

As there are no advantages to offset these disadvantages, 
unless it be possibly a small saving in fii-st cost of span, it 
i9 not likely that there will be much call for floating draws. 

In concluding this chapter, it may be well to summarize 
somewhat and indicate what kinds of draws should be used at 
various crossings. 

For streams bearing a moderate amount of tndfic with cross- 
ings located in country districts or in unimportant cities, 
rotating draws are the cheapest and consequently the most 
appropriate ; but for great traffic and for important cities 
bascule and lift bridges are the best, the former for spans up to 
about one hundi-ed and fifty feet, and the latter for longer 
spans. The choice between the bascule and the lift for all 
doubtful cases should be determined simply by the question 
of first cost. 



CHAPTER X. 

REVOLVING DRAWBRIDGES. 

REVOiiViNa draw-spans are required when bridges across 
navigable streams are not high enough above the water to 
provide the proper vertical clearance for passing vessels. 
Before taking up the discussion of draw -spans, it will be well 
to consider the relative advantages and disadvantages of high 
and low bridges for the crossing of such streams as the Mis- 
sissippi, the Missouri, and the Arkansas rivers. 

As a rule, there is very little difference in the first cost of 
a high and of a low bridge for such a crossing, what little 
there is being in favor of the latter and seldom amounting 
to more than ten per cent. Each pier of a low bridge is 
cheaper than the corresponding pier of a high bridge ; but 
this saving is offset by the cost of the pivot-pier, which is 
extra. The superstructure of a low bridge may be a trifie 
lighter than that of the corresponding high bridge, but the 
more expensive metal- work of the draw-span generally over- 
balances this. It is in the low, short trestle approaches that 
the low bridge costs less than the high one. 

As these approaches are generally built of timber, they 
have to be renewed about once in every eight years, and the 
cost of renewal is a regular fixed charge, which lessens the 
annual net income from the bridge. 

Herein lies the superiority of the low bridge for such cross- 
ings. Nor is this its only advantage, for, by its adoption, there 
is generally avoided a considerable climb at each end of the 
structure. 

On the other hand, the low bridge involves some expense 
for operation, which is quite an important matter when there 
is much river trafi^c, but which is of slight importance whear 
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the draw lias to be opened only a few times per season, as is 
the case with bridges over most Western navigable streams. 

Everything considered, whenever there is any choice be- 
tween a high and a low bridge for the crossing of any impor- 
tant Western river, the author favors the low bridge, not so 
much because of its lower first cost, but on account of the 
smaller expense for maintenance. 

The different kinds of revolving draw-spans recommended 
are described in detail in Chapters XV and XYII. They 
may be operated in various ways, for instance by man-power, 
steam, electricity, gas or gasoline engines, or water. Wher- 
ever an unfailing supply of electricity is available, that source 
of power is the best and cheapest. Steam is appropriate for 
large, heavy draws where electricity is not available. Gas or 
gasoline engines are best suited for comparatively small spans in 
country districts ; and water-power can sometimes be employed 
to advantage where there is a fall of water near the bndge. 

It does not pay to use storage batteries for operating draw- 
bridges. Concerning this question the author feels that he 
can speak as an authority, for he once made the experiment, 
and it was a failure. For a while the machinery worked to 
perfection, but soon the batteries began to leak, and the leak- 
age gradually increased to such an extent that the batteries 
would not hold their charge for three consecutive days ; so 
the electrical power was given up, and the bridge has since 
been operated by hand. 

Ghisoline engines, everything considered, are probably the 
best source of power for operutiug the average draw-span. 
The author has lately designed some small draws to be oper- 
ated thereby; but the machinery has not yet been installed, so 
he cannot report concerning how such engines act. 

In respect to the power required to operate draw-spans, the 
author uses an average of the Boiler formulae, viz., 

0.0125 W V 
^ ^' - 550 ' 

where W'= total load on rollers in pounds, and « = velocity 
on pitch-circle of rack in feet per second. 
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The aathor obtaiDed a fine check on the correctness of this 
formula when testing the draw-span of his Jefferson City 
highway bridge. This span of 440' weighs 660,000 pounds, 
and was opened by four men in four minutes and fifty sec- 
onds. The power applied by the men was measured by dy- 
namometers, and from the leogth of their path and from their 
pull the horse power was computed. It proved to be just a 
little less than unity, so near in fact that it was called uuity. 
The velocity v was, on the average, 0.066 feet per second. 
Substituting in the formula gives 



H. P. = 0.0125 X 660,000 X 0.066 h- 550 = 0.99. 

It is possible that, if the experiments were to be made again, 
a greater divergence from the formula would be found, for 
the reason that the bridge is liable to work more easily after it 
has been operated a while. 

The computation of stresses in ordinary draw-spans involves 
more or less ambiguity. The assumptions upon which the 
calculations are based are the following : 

1. The truss-rods in the tower are so light that they cannot 
transfer any shear past the pivot-pier; consequently, with a 
live load on one arm only, the said arm acts entirely independ- 
ently of the other, thus making the draw for this loading con- 
sist of two simple spans. 

2. For live load on both arms, the reactions are to be found 
on the assumption that the draw is a continuous girder on 
four points of support, and by a formula based upon the 
Theorem of the Three Moments with a constant moment of 
inertia. 

Plate IX gives a diagram from which can be read at a 
glance the percentage values of the reactions for any balanced 
load placed anywhere on any span. It is perhaps theoretically 
not quite perfect, because the values of the reactions depend 
slightly upon the ratio of distance between the two middle 
points of support to length of one arm ; but any error made 
by assuming this ratio as constant for all drawbridges is a 
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bagatelle compared with the errors caused by the other 
assumptions. 

Candidly, the author has very little faith in even the ^• 
proximate correctness of the ordinary methods of computing 
live-load stresses in draw-spans ; nor has he much more in the 
superrefined methods inyolviog the principle of least work, 
or stretching of the different trass members, or the principle 
of the Three Moments with varying moments of inertia. In 
his opinion, there is but one satisfactory method of ascertain- 
ing the reactions for both balanced and unbalanced loads, 
viz., by making large models of a number of spans 6t various 
lengths, and weighing therewith the reactions for all kinds of 
loading. From a series of experiments of this kind there 
could be prepared a diagram or diagrams, similar to that 
shown on Plate IX, which would give approximately correct 
reactions for all spans and all loadings. Such an investigation 
would require considerable time and money; but if some 
professor of civil engineering would undertake to make the 
experiments, he could undoubtedly get the models built free 
of charge by dividing up the work among several of the lead- 
ing bridge-manufacturing companies. The results of such 
experiments would be of great value to both the engineering 
profession and the railroads of America. 

In finding dead-load stresses in draw-spans, it is customary 
to assume that the draw is open. The author follows this 
method, but also assumes an upward reaction from the lifting* 
machinery at the ends, and finds the stresses therefrom ; then, 
when any such stress tends to increase the section of any 
member » it is considered, but, when it tends to decrease the 
section, it is ignored. This method certainly is liable to 
involve errors on the side of safety ; but they will tend to off- 
set some possible errors on the side of danger due to the method 
employed in finding the live-load stresses. 

There will be no attempt made in this treatise to illustrate 
the detailing of draw-spans and their operating machinery. 
There is a little work on "The Designing of Draw-spans," 
by Charles H. Wright, C,E., which attempts to cover this 
ground, and to which the reader is referred for detailing of 
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drawbridge machinery. Unfortanately, though, the scales 
used for the drawings are generally too small to make the 
illustrations satisfactory. 

Although, as Just stated, the author has no intention of 
trying to cover here the subject of detailing of the machinery, 
there are a few details which it will be well for him to touch 
upon in a general way, among others the question of rim- 
bearing verstts centre-bearing turntables. The author is 
decidedly in favor of the former because of the greater 
stability involved when the load is carried near the exterior 
of the pier. Turntables that divide the load between the rim 
and centre are not to be recommended, because the division 
is always more or less ambiguous. The load should always 
be distributed as uniformly as possible over the entire drum 
and among the rollers, and to do this care should be used in 
designing the girders over the drum so that they will have not 
only the necessary strength, but also tbe proper comparative 
rigidities. The greater the number of points of support the 
more evenly will the load be distributed to the drum and roll- 
ers; and the deeper the drum the better the distribution. 
Now as an extra foot of depth of drum costs much less than 
one foot of height of pivot-pier, it stands to reason that it is 
always better, whenever practicable, to make the drum much 
deeper than the calculations for strength and stiffness demand. 
The only reason for not adopting in every case an excessive 
depth is that so doing might place the rollers below the level 
of high water, and thus render the span liable to injury from 
drift, and the machinery to being blocked by an accumulation 
of mud under and between the wheels. 

When the vertical distance between high water and the 
lowest part of bottom chord is small, the longitudinal and 
cross girders can be placed with their bottom flanges flush with 
the lower surface of the bottom chords, and the drum can be 
built inside of the box thus formed, so that its bottom flange 
angles shall be flush with the bottoms of the said girders. Or, 
if the vertical clearance be great enough to permit it, the box 
may rest on the drum at either four or eight points. 

As a rule, drum diameters are made too great for economy. 
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for many designers think it necessary to rest the tower posts 
directly over the drum, thus making the diameter of the latter 
about forty per cent greater than the side of the square, upon 
the corners of which are located the axes of tower columns. 
Other designers make the sides of the square intersect the 
circle of the drum so as to divide the latter into eight equal 
parts, thus making the diameter of the drum about eight per 
cent greater than the side of the square. 

The author of late years has been taking the diameter of the 
drum equal to the side of the square, and has obtained eight 
points of support by inserting four small girders in the comers 
of the square, at angles of forty-five degrees with its sides. 
As the cost of a pivot-pier varies very nearly as the square of 
its diameter, it follows that this method of designing the drum 
effects a great saving in cost of both drum and pier. Occa- 
sionally it will give a pier of very small diameter in com- 
parison with the length of the draw-span. The remedy for 
this, provided the pier have the requisite stability against over- 
turning, is not to increase the pier diameter but to anchor the 
draw-span to the pier in such a manner as not to interfere with 
the turning, but so as to offer an effective resistance to any 
tendency to lift the span off its support. 

In the case of the Jefferson City highway biidge, the 
length of the draw-span is four hundred and forty feet, while 
the diameter of the drum is twenty-two feet — the same as 
the perpendicular distance between central planes of trusses. 
Such a ratio of span length to drum diameter is too great for 
safety in case of a strong lifting wind acting on one arm only, 
for such an uplift would have to amount to only twelve and a 
half pounds per square foot of floor in order to throw the span 
off the pier. It was therefore necessary to anchor the span 
to the pier by means of a long four-inch bolt passing through 
a wide, heavy casting which is embedded in the concrete, and 
projecting at the upper end between two beams and through 
a saddle and a heavy washer-plate. The nut on the anchor- 
bolt is turned down so as nearly but not quite to touch the 
said washer- plate, thus causing no obstruction to turning the 
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draw, but making the anchomge always ready to resist the 
slightest tendency to lift the span. 

The limiting ratio of length of span to diameter of drum 
that can be employed without using a central anchorage cannot 
well be determined by rule, but must always be left to the 
judgment of the designer. It might suffice, perhaps, to 
specify that, whenever the uplift on one arm only necessary 
to upset the draw is less than twenty pounds per square foot 
of floor in situations exposed to high wind-pressure, or less 
than fifteen pounds in other situations, an anchorage shall be 
adopted. 

In the case of three draw-spans, which the author has 
designed lately for the Kansas City, Pittsburg, and Gulf 
Railroad Company, the span length is two hundred and 
twenty-five feet, and the diameter of the drum is only 
seventeen feet ; nevertheless no central anchorage was used. 
In these bridges the open floor reduces the uplift, and the 
situations are not such that the spans will be exposed to 
abnormally high wind-pressures. 

Heavy draw-spans should be operated by two or more 
pinions, and when these are placed, as they should be, diago- 
nally opposite each other, some kind of apparatus ought to be 
used to equalize the pressure on the pinions, otherwise both 
the latter and the rack are liable to have their teeth broken. 
The reason for this is that it is impossible to make the toothing 
of the rack so perfect in the distance of the semi-circumference 
that opposite pinions operated by a single shaft shall at all 
times act equally. When electrical machinery is used, the 
equalizing can be done by means of duplicate motors ; but 
with other machinery some kind of mechanical equalizer 
should be emplo3'ed. The author several years ago designed 
one for the East Omaha dmw, which worked to perfection. 
It was made by cutting the engine-shaft and attaching to each 
end a bevel-gear wheel. These bevel-gear wheels engage 
with two small pinions which are inserted between the spokes 
of a large spur-wheel that turns loosely on the engine-shaft. 
If we assume the pressures on the main rack-pinions on each 
side of the drum to be constantly equal to each other, the two 
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halves of the engine-shaft will always have the same angular 
velocity ; but in case the pressure on the teeth of the two 
rack-pinions on one side of the drum should fall below that 
on those of the two rack-pinions on the other side, the spur- 
wheel will move slightly on the shaft until the rack-pinions 
receive equal pressure again. By this apparatus equal pressure 
on the teeth of rack and pinions is at all times insured. The 
author was convinced of the necessity for such a device by 
watching it when the span was being turned ; for several 
times during each quarter rotation the little pinions on the 
spur-wheel would make a sudden movement of such magni- 
tude as to indicate a considerable variation in the spacing of 
the rack-teeth. 

In designing draw-«pans with high towers, especially long, 
double-track ones, there is an important matter that is some- 
times overlooked, viz., the tendency of the end of the imloaded 
arm to rise when a moving load is on the other arm. For 
single-track bridges the only harm that this would do would 
be to pound the end bearings ; but for a double-track bridge 
it would certainly some time cause a serious disaster by the 
derailment of an oncoming train when the other track on the 
other arm is covered by another train. Before designing the 
530-ft. draw-span for the East Omaha bridge, the author 
looked up this matter as well as he could, having heard of 
trouble being experienced from rising ends on a double-track 
draw-span but little shorter than the one then contemplated. 
The results of the investigation were rather contradictory, so 
the design was made with three features that were conducive 
to resist the raising of the ends, viz., extra-deep trusses at both 
inner and outer hips ; stiff, continuously riveted top chords 
between these points ; and an end-lifting apparatus capable of 
raising the ends one and a half inches. This was the best at 
that time which the author could do to avoid the difficulty ; 
but at the same time he figured upon using later a holding- 
down apparatus in case the necessity for same should ever 
arise. As explained in Chapter XII, this span has at present 
only a single track at the middle, and the highway cantilevered 
floors are not yet put on. Observation proves that, with one 
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arm loaded by a train and the other arm empty, there was no 
rising of the ends when the latter were properly supported. 
A late inspection showed that the timber cribs, which are used 
as a temporary support for the ends of the draw, bad so 
shrunk Tertically on account of the seasoning of the timber, 
that the end rollers barely touched their bearings, so the latter 
will haye to be shimmed up. This condition of the ends 
afforded an excellent opportunity to observe the rise with one 
arm only loaded by an engine and enough cars to cover the 
said arm. The amount observed was thi'ee eighths of an inch. 
From this it may be concluded that with masonry piers and 
the completed superstructure, and with a hoist of one and a 
half inches by the lifting gear, thei« is no chance for the ends 
to rise from their bearings ; for, to cause such a rise, it would 
take a live load just four times as large as the test load, which 
is more than could be placed on the double-track railway, 
wagonways, and footwalks. Had the bridge been built with 
shallow trusses and with eye-bars in a portion of the top 
chords between outer and inner hips, as was the similar bridge 
which was reported as giving trouble from rising ends, it is 
probable that similar difficulty would have been found in this 
structure. 

Some engineers may think that, because each span of a draw 
Is figured as an independent span for unbalanced live loads, 
on the assumption that the longitudinal tower rods are so 
small as to carry no vertical shear past the drum, there should 
be no tendency for the end of one arm to rise when the other 
arm is loaded ; but such is not the case, as the tendency would 
exist if there were no longitudinal tower rods at all. The 
rising of one end is evidently due to the lowering of the inner 
hip of the other span and the consequent pull of the inclined 
top-chord eye-bars. Now imagine two cables attached to the 
top of the tower (which is still assumed to be without longi- 
tudinal rods), and running to drums on the shore. When 
these cables are strained sufficiently, the far end of the draw 
will rise ; and under these conditions there will be no vertical 
i^ear whatsoever in the tower panel of the truss. As far ac 
▼ertical shear in this panel is concern ed, the conditions for the 
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case of the strained cables and for the single-loaded arm are 
identical, hence it is proved that one end of a draw can rise 
when the other arm is loaded and when the longitudinal tower 
bracing is incapable of carrying any vertical shear past the 
pivot-pier. 

In erecting draw-spans, some method of adjustment must be 
provided so as to bring the ends to the correct elevation. For 
comparatively short spans, say up to 200 or even 250 feet, 
groups of thin plates on top of piers will suffice, as the grade 
can be adjusted by dapping the ties or joists ; but for longer 
spans there will be needed in addition to this method an 
adjustment in each of the bottom chords by the insertion of 
several thin transverse plates in the panels next to the drum. 

The tops of all pivot-piers should be so designed as to drain 
thoroughly by pitching the upper surface from the centre 
towards the periphery, and by providing at the latter weeping 
pipes that pass below the lower-track segments. 

In large, heavy drawbridges all parts of the turntable and 
machinery should be made much heavier than the correspond* 
ing parts for smaller structures, even if there be no theoretical 
reason therefor ; because the tendency in the past has been to 
design all portions of the machinery for the exact amounts of 
work that they are assumed to do, which method gives for 
many pieces sizes entirely inadequate for some conditions of 
stress to which they are likely to be subjected. The propor- 
tioning of turntables and machinery for draw-spans is a matter 
involving good judgment and experience in operation rather 
than intricate mathematical calculations. 

The author desires to call attention to the necessity for. 
making all man-power machinery extra strong ; because, if 
there be anything wrong with the apparatus which prevents it 
from operating properly, the men are liable to crowd upon the 
levers wherever they can find room, and then surge thei*eon to 
their utmost capacity. It was only a short time ago that in 
operating the East Omaha draw by hand two sets of six or 
seven men on each of the two four-armed level's failed to start 
the span in motion. Immediately upon finding the unexpected 
resistance, they all stepped back a few feet and threw them- 
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selves with full force upon the levers, the result being the 
same as before. The author stopped this instautly, and upon 
Investigation found that the two sets of men were working 
against each other, so by starting one set In the opposite 
direction the span was readily put in motion. This example 
is given to show how ignorant workmen will abuse machinery, 
and the consequent necessity for making man-power apparatus 
extra strong, notwithstanding all the opposition that may be 
offered thereto by bridge manufacturers. It is thought that 
the method of proportioning such apparatus, which is specified 
in Chapter XV, will develop ample strength, more especially 
08 the specifications prohibit the use of cast-iron gears. 

As a dmwbridge is a piece of machinery, it will require a 
certain amount of care, for otherwise it will get out of order 
and give trouble just at the wrong time. It should be opened 
at least once a month, and all parts which move on other parts, 
especially the wheels and tracks, should be kept clean and 
well lubricated. The lower rolling surface for the wheels 
should be kept free from all obstructions, and the wheels 
shouki be maintained in proper adjustment by means of the 
spider-rods. The operating machinery also should receive 
due care and attention. 



CHAPTER XI. 

HIGHWAY BRIDGES. 

Some ten years ago the author wrote and published a pam- 
phlet entitled ' * General Specifications for Highway Bridges 
of Iron and Steel." the object of which was to offect a much- 
needed improvement iu the designing and building of high- 
way bridges. Through the Engineers' Club of Kansas City, 
at that time a flourishing society, but now, alas ! defunct, the 
pamphlet was placed in the hands of a great number of 
bridge engineers throughout the country, with a request that 
they discuss it for publication. Many of them complied, and 
their discussions were published in the Journal of the Associ- 
ation of Engineering Societies for November 1888. Soon 
afterwards the first edition of the pamphlet was exhausted, so 
the author issued a second edition, revised and enlarged, and 
incorporated therein most of the said discussions. Now, al- 
though both editions were circulated widely among county 
commissioners, and although the author's specifications re- 
ceived the general indorsement of the civil-engineering pro- 
fession, the effect of the pamphlet on the methods of bridge- 
building has been practically nil; for we continue to read in 
nearly every issue of Engineering News accounts of highway- 
bridge failures, many of them accompanied by loss of life. 

In truth, the number of highway bridge failures is on the 
increase. This is undoubtedly partially due to the greater 
number of such structures in existence ; but it is also due con- 
siderably to the reckless manner in which highway bridges 
continue to be designed and built, owing to the rapacity of 
the builders, the ignorance and dishonesty of the commission, 
era, and the low moral state into which the designers of high- 
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way bridges have fallen. So low is that stnte that, even when 
given all the metal they could use and a big price for same, it 
is doubtful whether a single one of them could evolve a struc- 
ture scientifically designed throughout. 

Decidedly, nothing can be done for highway-bridge build- 
ing through county commissioners, because they are both too 
ignorant and too corrupt. Nothing but the strong arm of the 
law will ever reach them ; and the only way to force them to 
build even decently strong structures is to make county com- 
missioners criminally liable for all injuries to persons and 
pecuniarily liable for all injuries to property due to failures 
of county bridges built during their tenure of office. Of 
course, if the commissioners could prove that they had taken 
all possible precautions by having the structure designed by a 
specialist of established reputation, built by a good manufac* 
turing company, and inspected by first-class inspectors during 
both manufacture and erection, they would be able to relieve 
themselves from the responsibility ; but if they were to do 
all this no bridge failure could occur, or at least the chances 
for such occurrence would be extremely small. Some such 
method as this for placing the responsibility for bridge dis- 
asters upon county commissionei*s will be established by law 
some day, perhaps in the not very distant future : and the 
sooner the better. 

As matters stand now, each new bridge. horror stirs up the 
indignation of the populace, which vows that this time the 
guilty parties shall be brought to punishment ; but the inves- 
tigation generally drags, personal influence is brought to bear, 
money Is often used judiciously, and the result is that nobody 
is held responsible, and the disaster is soon forgotten. 

If each state were to adopt standard specifications for high- 
way bridges, and if there were a proper officer appointed to 
see that the counties live up to them, much good would be 
accomplished. 

The second edition of the author's pamphlet on highway 
bridges is now exhausted, but no third edition will be issued, 
for the reason that le jeu n*en f>aut pas la chandelle. There 
will be given, however, in Chapters XVI, XVII. and XVIII 
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of this book complete tpecificatlom for the diaigxnmg o€ ht^ 
way bridges of all kinds ; coBsequsBtly this treatise may be 
said to replace the pamphlet that is now oat ol print. 

There is considerable difference, though, between the old 
specifications and the new, due to two reasons, viz., first, 
there have been great advances made in bridge-building in 
the last eight years ; and, second, the author has condttded 
to abandon the attempt to conciliate those who desire to build 
cheap structures, so has cut out Class D from his specifica- 
tionSy and has strengthened up and improved the other 
"dassea" in several particulars, notably by raising the mini- 
mum thickness of metal from one quarter to five sixteenths 
of an inch. 

The weights of bridges designed according to the new 
specifications will be somewhat greater than those designed 
according to the old ones, but the structures will be corre- 
spondiu^y better. Moreover, the new specifications will be 
found to be more rational, scientific, and generally satisfac- 
tory than the old ones, especially in the feature of impact 
allowance. It must be remembered that the author does not 
claim that the formula which be specifies for impact will pro- 
vide exactly for the greatest possible impact on all parts of all 
highway bridges ; but he docs think that it will always be 
great enough, and he knows that any structure in the design 
of which it is used, and which is proportioned by the specifi- 
cations of this treatise, will be well and properly designed in 
every part. 



CHAPTER Xn. 

COMBINED BRIDGES. 

« 

As a nile, bridges for carryiDg both railway and highway 
traffic are located in or near large cities, although an occa- 
sional structure of this kind is found in country districts. 
The principal advantage of this type of bridge is the saving 
in first cost, and its principal disadvantage is a reluctance 
to ci-oss over it on the part of timid drivers, whose horses 
may be frightened by the trains. 

The saving in first cost of a combined railway and highway 
bridge as compared with two separate bridges for railway 
and highway traffic is considerable ; because the piers for the 
combined bridge are but little, if any, more expensive than 
those for the railway bridge, and because the extra metal for 
the superstructure of the former in comparison with that of 
the latter is very much less in weight than the weight of 
metal required for a separate highway bridge. 

The prejudice against combined bridges on account of 
danger is almost wholly unfounded, for horses soon become 
accustomed to railway trains, and, when screens are em- 
ployed to hide the latter, but little trouble is experienced on 
account of frightened horses. These screens may be made 
either slatted or close, the former offering less resistance to 
the wind, and the latter being the cheaper. 

The advent of the electric railway has somewhat compli- 
cated the question of designing combined bridges, for now it 
is often necessary to accommodate three or four kinds of 
traffic, viz., railway, electric, wagon, and pedestrian. 

When a highway structure has to carry a single<ttrack elec- 
tric line in addition to the ordinary highway travel, the 
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author classes it simply as a highway bridge, for it is seldom 
necessary to strengthen it materially, because of the electric- 
railway load, except in the floor and primary truss members. 
But if a structure has to carry either a single or double track 
electric railroad only, the author treats it as a railroad bridge. 
Combined bridges may be divided into the following 
classes : 

1. Structures having a single deck for all kinds of traffic, 
the railway occupying the centre of the bridge, and the elec- 
tric railway lying close to one truss. 

2. Structures having a single-track railway at the middle, 
a narrow footwalk on each side of same inside of the trusses, 
and cantilever brackets outside of the latter to carry wagon- 
ways and electric lines. This arrangement may be varied by 
running the electric cars over the main railway track, thus 
leaving the wings free for wagon traffic. 

3. Structures having a double-track railway inside of the 
trusses, with long cantilever brackets outside carrying wagons 
and electric lines next to the trusses, and pedestrians outside. 
This arrangement may be varied, as in Case 2, by carrying the 
electric trains on either one or both of the main railway tracks. 

4. Structures having a double-track railway inside of the 
trusses, with short, cantilever brackets for wagon and electric- 
railway traffic outside, and either a single passageway over- 
head at the middle for pedestrians, or two passageways for 
same on overhead brackets outside of the trusses. As before, 
this arrangement may be modified by running the electric 
trains over the main railway tracks. 

5. Double-deck structures carrying railway trains on one 
deck and wagons, electric trains, and pedestrians on the other. 
The pedestrians may be accommodated either inside the 
trusses or, preferably, by exterior walks on cantilever brack- 
ets. The railway may be placed either above or below to 
suit the existing conditions, or there may be either a single- 
track or a double-track railway b(»th above and below, with 
wagon-ways and pedestrian-ways outside of the trusses either 
above or below. 

Class No. 1 ia the cheapest possible kind of combined bridge. 
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and at the same time the most unsatisfactory, for when a 
railroad train is about to pass over the bridge all wagon and 
electric-railway travel must be kept off, and because pedes- 
trians must look out sharply for their safety when on the 
structure with a railway train crossing. Their danger is 
really greater, though, when an electric train is passing a team 
or teams. The least allowable clear width of bridge for this 
class of structure is twenty feet, the electric cars running on 
a third rail and on one of the rails of the main railway. The 
author has built a large l^ridge of this class, and it has never 
given any trouble from the combined traffic, which, however, 
is, up to the present, rather light. 

Class No. 2 is a very satisfactory type of structure. The 
author has designed and built several bridges of this kind, the 
largest of which is the Combination Bridge Company's bridge 
over the Missouri River at Sioux City» Iowa. It consists of 
two draw-spans of 470 feet each and two fixed spans of 500 
feet each, the distance between central planes of trusses being 
twenty -five feet. 

Class No. 3 is also a satisfactory type of structure. The 
author has built a large bridge of this class, viz., the one 
across the Missouri River at East Omaha, Nebraska. This 
class of structure involves very heavy metal-work ; but it is 
not uneconomical. 

Class No. 4 is an unusual type, and is not likely to be called 
for very often, although the author once had occasion to figure 
on a bridge of this kind. 

Class No. 5 is a very good combination that can be modified 
to suit nearly any conditions of combined traffic. 

A good example of this is the design described in Chapter 
IZ for the Kansas City and Atlantic Railway Company's 
proposed bridge over the Missouri River at Kansas City, Mo. 

The East Omaha Bridge just referred to affords an excellent 
example of how to keep down the first cost of a structure and 
yet build it so that it can be enlarged later after the business 
develops. The design for the final structure involves a draw- 
span of 530 feet and a fixed span of 560 feet, carrying a double 
track railway between the trusses, a combined wagonway and 
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electtic railway otttisfde of each truss, and a pedestrian- way 
outside of eacii wagon-way, the bridge crossing the river at 
right angles ; while the present structure consists of the 6d0- 
foot draw-span, without the wings, and three single- tradk 
combination spans of 192 feet each, all the pieTs except the 
pivot-pier being built of piles and titaber, and the eetitr^ "Hue 
of structure making an angle of eleven degrees Witih theoezAl^ 
line of ^he final bridge. The deck carries a single railway 
track at the middle and an elecftric line by fneans of a third 
rail to one side. All four classes of travel use this deck. The 
only portion of the existing structure that is really finished 
is the pivot-pier, which consists of a double steel cylinder 
forty feet in diameter sunk by open dredging to bed-rock, 
which lies one hundred and twenty-two iPeet below extreme 
low water. The completion of the draw-span will be a very 
simple matter, consisting merdy of adding the cantilever 
brackets with their stringers and flooring and laying the 
electric-railway rails thereon. The remaining piers for the 
final structure can all be put in, and the fixed span can thefi 
be placed on them without interrupting traffic, because of the 
deflection downstream of the present temporary sti-ucttire. 
When the new bridge is completed, all that it willbenecessaty 
to do is to rotate the draw eleven degrees, so that -the traffic 
may be transferred thereto. Afterwards the old pile piets add 
the combination spans can be removed at pleasure. 

In designing combined bridges of all classes except !N'o. 1, 
a considerable economy of metal may be effected legitimately 
by keeping the total live load as low as is proper with reference 
to the theory o£ probabilities. For instance, in Glass No. -2 
the live load for trusses can be determined by adding to the 
equivalent uniform live load, given in the diagram on Plate 
III or Plate IV, a much smaller highway floor load per lineal 
foot of span than that prescribed in the specifications for 
highway bridges, because when the greatest train loud is on 
the bridge, the chances of having a heavy highway live load 
are very small. The longer the span the smaller may the live 
load per square foot of fioor be taken when finding the totikl 
live load for the trusses. 
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Again, in Classes No. 8 and No. 4 it would be legitimate to 
take tlie live load per lineal foot for the railway equal to twice 
the car load per lineal foot, and add thereto a small highway 
live load as in the last case. 

Finally, in Class No. 5 it would be proper for a four-track 
bridge to make the live load for the trusses equal to four 
times the car load per lineal foot, and ignore entirely the 
highway live load ; for tlie greatest combined live load would 
never amount to four times the car load. This was tlie 
method pursued by the author in determining the live load 
for -the trusses of the proposed Kansas City and Atlantic 
Eailway Company's bridge referred to in Chapter IX. 



CHAPTER Xin. 

DETAILING. 

It is only within a few years that much attention has been 
given to detailing by bridge engineers, the old custom having 
been for the engineer to figure the diagram of stresses, or, as 
it was then called, the strain-sheet, and pass it over to a drafts- 
man (too often a cheap one) to make therefrom the working 
drawings of the bridge, using probably some old drawings of 
another bridge as a guide for the detailing. Concerning the 
evil effects of such a course of action the engineer who does 
much inspection of existing structurescan speak authoritatively. 
If questioned upon the subject, any such engineer will say 
that nearly all bridges which fail or which are condemned and 
removed, are deficient in strength of details rather than in 
strength of main members. 

Some years ago the author had occasion to examine and 
report upon nearly all the bridges on two hundred miles of the 
main line of an important Western road, with the result that 
he found it necessary to condemn almost all of them. A few 
have since been repaired, but most of them have been taken 
out and replaced. In most of these condemned structures the 
detailing was so faulty that the bridges were gradually racking 
to pieces, and no amount of patchwork would have made 
them really serviceable. It is true that the main membera were 
considerably overstrained by reason of the increase in rolling 
loads, but had the details been first-class the structures would 
have been standing today. 

Just here it may be well to mention that the inspection of 
these bridges caused the author to establish for himself the 
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following principle, which, as it does not pertain to bridge- 
designing, is not given in Chapter II: *'In nine cases out of 
ten the proper way to strengthen a weak bridge is to take it 
out and replace it with a good one, throwing the old. metal 
into the scrap heap." 

In railway-bridge designing, for a number of years, the 
average ratio of weight of details to weight of main members 
has been gi*adually increasing; and the end is not yet. because 
the average bridge-designer has still a great deal to learn con- 
cerning the importance of good and efficient detailing. As 
long as contracts for bridges are awarded to bndge companies 
on competitive designs, and the structures are paid for by the 
lump sum instead of by the pound, just so long will the 
science of detailing be ignored, and just so long will bridges 
be built which will eventually wear out, simply for want of a 
little more metal distributed just where it is needed, viz., in 
the details. 

The author feels that he cannot speak too forcibly concern- 
ing the importance of thoroughly scientific detailing for all 
kinds of metal- work; for what avails it that a structure have an 
excess of section in every main member, if a single important 
detail be lacking in strength? If the author were in a position 
where he had to cut down the weight of a structure even as 
much as thirty per cent, he would unhesitatingly take the 
metal almost entirely out of the sections of the main members 
and leave the detailing practically unchanged. A structure 
thus designed would long outlast one of the same type in 
which the weight of the details and that of the main members 
were reduced in tiie same proportion. 

A few years ago the standard text-books on bridges ignored 
entirely the subject of detailing. Later they have taken cog- 
nizance of it by illustrating certain details in common use, both 
good and bad (generally the latter), but have failed to state the 
fundamental principles that should govern the designing of all 
details. These general underlying principles and complete 
instructions as to how to detail scientifically the author has 
endeavored to give in Chapters II, XIV, XV, XVI, and XVII 
of this work. The bridge designer, by studying these chapters 
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carefEtHy, metering all of their coBtents, ftnd, wblle makiog 
his drawiogs, applying the ^nrincipies tberein given, will be 
able to eyolve stmctures that, to say the least, will be a greiA 
improyement (m the average stmeture in common use. 



CHAPTER XIV. 

GENERAL SPECIFICATIONS GOVERNING THE DESIGNING OF 
STEEL RAILROAD BRIDGES AND YIADVCTS AND THE 
ftUPBRSTRUCTURE OF ELBYATED RAILROADS. 

QENBBAIi DSSCBIFTION. 

KATBRIAL8. 

All parts of the structure, except tiefl» foot-planks, and 
guard-timbers, sliall, for all spans of ordinary lengths, be of 
medium steel, excepting only that rivets and bolts are 1o be of 
soft steel, and adjustable members of either soft steel or 
wrought iron. For very long sptins high steel may be used 
for top chords, inclined end posts, pins, eye-bars in bottom 
chords, and those in main dingonals of panels where there is 
no reversion of sti'ess when impact is included. It may be 
used also for the web-members of cantilever and anchor arms 
in cantilever bridges where the variation of stress is com- 
paratively small and where the impact cannot be great. Ex- 
cepting for purely ornamental work, cast iron will not be 
allowed to be used in the superstructure of any bridge, 
trestle, or elevated railroad, cast steel being employed 
whexever Important castings are necessary. 

CROSS-TIES, FOOT-PLANKS, AND GUARD-TIMBERS. 

Cross-ties, foot-planks, and guard -timbers shall be of long- 
leaf. Southern yellow pine or other timber which, in the 
opinion of the Engineer, is equally good and serviceable. 
The wooden floor shall be so designed as to ensure safety from 
passing trains fm: the railroad employees. The spaces between 
ties shall, in general, not be less than five (5) inches nor more 
than six (6) inches wide. The sizes of ties shall be such as 
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to give the requisite resistance to bending, under the assump- 
tion that the load on one pair of wheels is distributed equally 
over three ties, the effect of impact being considered. No tie 
shall be less than seven (7) or preferably eight (8) inches wide, 
nor less than six (6) inches deep, nor less than ten <10) feet 
long, except in the case of elevated railroads, where the length 
may be reduced to eight (8) feet for a spacing of five (5) feet 
between centitil planes of longitudinal girders. 

Ties shall be dapped to a full and even bearing not less than 
one-half (i) inch onto the stringers; and each alternate tie 
shall be secured thereto at each end by a three-quarter (|) inch 
hook- bolt. 

All timber bolts shall be of soft steel, with cold-pressed 
threads. 

Outer guard-timbers shall be 6" X 8" laid on flat, dapped 
one (1) inch onto the ties, and placed so that their inner faces 
shall be just twelve (12) inches from the gauge-planes of rails. 

Where inner guard-timbers are employed, they shall be 
6" X 8" on flat, dapped one (1) inch onto the ties, and placed so 
that their outer faces shall be just five (5) inches from the 
gauge-planes of rails. 

Each guard-rail must be bolted to each alternate tie by a 
three-quarter (J) inch screw-bolt, the head of which shall be 
countersunk into the wood by means of a cup-shaped washer. 
Each guard- timber must be spliced over a tie with a half-and- 
half joint of at lea;st six (6) inches lap, through which must 
pass a three-quarter (|) inch screw-bolt. 

Guard-timbers shall extend over all piers and abutments. 

Steel rails or heavy steel angles well fastened to the ties may 
be substituted for the inner wooden guard-rails, or the inner 
guards may be omitted altogether if the Engineer so direct. 

BEBAILING AFFABATU8. 

At each end of every bridge or trestle, there is to be placed a 
rerailing apparatus that will, in the most effective manner 
practicable, return to the track any derailed car or locomotive 
that is not more than half the width of track gauge out of 
line. 
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BI7CKLBD-FLATB FLOORS. 

If the Engineer so desire, a buckled-plate floor with ties in 
ballast may be used instead of the wooden floor, in which case 
the size of the ties may be reduced to 6" X 8" X 8'. 

All buckled-plate floors must be thoroughly drained so as 
not to retain water, and the upper surface of the buckled plate 
must be protected from rusting by a liberal lise of the best 
obtainable preservative coating. 

BTIPKBBLEVATION ON CURVES. 

On curves the outer rail will be elevated the proper amount 
for the degree of curvature and for the assumed medium 
velocity of trains ; and this elevation must be framed into ties, 
as no shims will be allowable anywhere under ties or rails, ex- 
cepting in the case of very sharp cui-ves requiring a superele- 
vation exceeding three (3) inches in five (5) feet, on which 
long shimming timbers are to be bolted to the top flanges of 
the outer longitudinal girders, or short, substantial ones to 
tops of ties, so as to give the required superelevation. 

The formula to be used for total superelevation on standard- 
gauge roads is 

„ 0.8277F« 
S!= B ' 

where E is the total superelevation in feet of the exterior rail 
above the interior rail, V is the assumed velocity of train in 
miles per hour, and R is the I'adius of the curve in feet. The 
total superelevation is to be obtained by depressing the inner 
rail and elevating the outer one equal amounts, thus preserving 
the grade of the centre line. 

BFACING OF STRINGBR8, GIRDERS, AND TRACKS. 

In general, stringers for through bridges shall be spaced 
eight (8) feet centres for single-track bridges and six (6) feet 
six (6) inches for double-track bridges and half-through plate- 
girder bridges. In elevated railroads the spacing of the longi- 
tudinal girders may be made as small as five (5) feet centres. 

Deck plate-girders may be spaced from six (6) feet to ten (10) 
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feet centres, the ueml disiaoee beuaig ih» nearest even foot to 
one tenth (7^) of the. span; but in high trestles the spacing 
shall, preferabl7, be teD (10) feet, and never less than eight (8) 
feet. 

ThQ standard distance between centres of tracks on tangent 
for surface railroads shall be thirteen (18) feet, while for ele- 
vated railroads it shall generally be twelve (12) feet. 



8FACIKG OP TRUBSBS. 

From centre to centre of through- trusses the perpendicular 
distance niM not be l^ss than seventeen (17) fee4, or one 
twentieth (^) ol th^spaa length. 

From centre to centre* of deck, pin-eon nected;, or riveted 
trusses the petpendicular distance ahi^ll not be less than teii 
(10) feet or one thir- 
teenth (tV) of the span H ^'o- 

length, except in the 
case of elevated rail- 
roads, where open- 
ivebbed, riveted gir- 
ders are adopted. 
These may be spaced 
according to the direc- 
tions given for plate 
girders. 

CLSAKAKC£S. 

The clear opening 
on tangent shall not be 
less than that shown 
in Fig. 7. 

On curved 
track, the 
horizontal 

distance from the centre of track to clearance line shall be 
increased at all points two (2) inches for each degree of 
curvature^ 




Fw. 7. 
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BFFECTIYB LENGTHS. 

Effective lengths shall be as follows : 

For pin-connected spans, the effective length shall be the 
distance between centres of end-pins of trusses. 

For riveted girders, it shall be the distance between centres 
of bearing-plates. 

For stringers, it shall be the distance between centres of 
cross-girder webs. 

For cross-girders, it shall be the perpendicular distance be- 
tween central planes of trusses. 

For columns and posts, it shall be the greatest length be- 
tween points of axis that are rigidly held in the direction in 
which the strength is being considered. 

These effective lengths are to be used in calculating mo- 
mentSy stresses, and working strengths. 

BFFECTIYE DEPTHS. ' 

Effective depths shall be as follows : 

For pin-connected trusses, the perpendicular distance be^ 
tween gravity lines of chords, which lines must pass through 
centres of pins. 

For plate-girders and open-webbed riveted girders, the per- 
pendicular distance between centre lines of gravity of upper 
and lower flanges; but never to exceed the depth from out 
to out of flange angles. 

STTLBS OF BBIDGBS FOR VARIOUS SPAN LENGTHS. 

For spans under fifteen (15) feet, rolled I beams. 

For spans between fifteen (15) feet and eighty-five (85) feet, 
plate girders. 

For spans between eigbty-flve (85) feet and one hundred and 
twenty-five (125) feet, "A" tiniss, pin-connected spans, or riv- 
eted, open-webbed girders of single cancellation. 

For spans between one hundred and twenty-five (125) feet 
and one hundred and seventy-five (175) feet, riveted, open- 
webbed girders of single cancellation, or pin-connected trusses 
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designed with special raferenoe- iQ extreme rigidity in all 
parts. 

For spans exceeding one hundred and seventy-five (175) 
feet, pin-connected spans. 

The use of pony-truss bridges of any kind is prohibited, 
excepting only half-through, plate-girder spans, in which tbe 
top flanges are held rigidly in place by brackets riveted to 
cross-girders that are spaced generally not to exceed fifteen 
(15) feet apart. 

In general, double-track bridges shall have only two trusses, 
in order to avoid spreading the tracks. 

FOBMS OF TRUSSES. 

The forms of trusses to be used are as follows : 

For pin-connected spans up to one hundred and tweoty^ 
five (125) feet, the "A*' truss. 

For open-webbed, riveted girdeos, the Warren or triangular 
girder with verticals dividing the panels of the top chprds; 
also the Pratt truss. 

For deck-spans having top chords supporting wooden ties, 
the Warren or triangular girder with verticals dividing the 
panels of the top chords. 

For spans between one hundred and twenty-five (125) feet 
and about two hundred and fifty (250) feet, Pratt trusses with 
top chords either straight or polygonal. 

For spans exceeding two hundred and fifty (250) feet, Petit 
trusses. 

It is understood that these limiting lengths are not fixed ab- 
solutely, ns the best limits will vary somewhat with tbe num- 
ber of tracks and weight of trains. 

« 

MAIN MBMBEB8 OF TRUSS-BRTDGBS. 

All spans of every kind shall have end floor-beams, riveted 
rigidly to the trusses or girders, for supporting the stringers. 
Stringers are to be riveted to the webs of the cross-girders. 
In general, all trusses shall have main end posts inclined. 
All trusses shall be so designed as to admit of accurate 
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ealeuktloQ of ftU streastts, e&ceplUi^ only sudi unimportant 
cases of ambiguitjr aa Ibat i&yolyed bj usiag two stiff diag- 
onals in a middle panel. 

All lateral bracing and okber 8 wi^- bracing shall be rigid 
both above and below, Le., the sections must be capable of 
resisting eompression, adjustable rods for such bracing being 
allowed only in towers of draw-spans and in lower lateral sys- 
tems of deck-bridges. 

The stiff diagonals of lower lateral systems^ which shall be 
of double caDcellation, shall be riveted rigidly to the string- 
ers where they cross the^, so as to transfer in an effective 
manner the thrust of braked trains to the truss-posts without 
causing a horizontal bending on the cross-girders. 

All through«spans shall have stiff porta) bracing at each 
end, connected rigidly to the inclined end posts. The said 
portal bracing shall be made as deep as the specified clear head- 
room will allow. 

When the height of the trusses is great enough to permit it, 
there shall be used at each panel point a rigid bracing frame 
riveted to the top lateral strut and to the posts, and carried 
down to the clearance line. Wli^en the truss depth is not 
great enough for this detail, corner brackets of proper size, 
strength, and rigidity are to be riveted between the posts and 
the upper lateral struts. 

Deck-bridges shall have stiff, diagonal braces between oppo- 
site vertical posts, which bracing, as a matter of precaution, 
shall have sufficient strength to carry one half of a panel-truss 
live load with its impact alk>wance ; and the transverse bracing 
between the vertical or inclined posts at each end shall be 
sufficiently strong to transmit properly to the masonry one 
half of the wind-pressure aud centrifugal load (if there be 
any) which is carried by the entire upper lateral system of the 
iH>aa, 

The lower lateral systems uf deck-bridges shall be made of 
adjustable rods in alternate panels, thus leaving every other 
panel unbraced, and forcing the wind-pressure from below up 
the vertical bracing and to the ends of the span by the upper 
lateral system. 
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Suspenders or bip verticals and two or more panel lengths 
of bottom cbord at each end of each span shall, preferably, be 
made rigid members, excepting that in " A " trusses the bottom 
chords and centre verticals are to be of eye-bars. 

All floor-beams are to be riveted to the truss-posts in truss- 
spans, excepting in the case of Petit trusses when the suspend-' 
ers are of eye-bars. In these, floor-beam hangers may be 
used, provided they be made of plates or shapes, and that they 
be stayed at their upper ends against all possibility of rotation. 

coiirranjous spans. 

Except in the case of swing-bridges or cantilevers, consecu* 
tive spans are not to be made continuous over the points of 
support. 

TRESTLE TOWERS. 

As a general rule, each trestle-bent shall be composed of 
twQ columns battered from one and a half (1|) to two and a 
half (21) inches to the foot, the bents being united in pairs to 
form towers. Each tower thus formed shall be thoroughly 
braced with rigid bracing on all four faces, and shall have 
four horizontal struts at the base. In each inteimediate hori- 
zontal plane of division, formed by the panels of the tower 
bracing, there is to be a pair of diagonal adjustable rods to 
bring the columns into proper position and to retain them 
there. 

The feet of the columns must be attached to anchorages 
capable of resisting twice the greatest possible uplifting ; and 
the details of the metal- work connecting the anchor-rods to 
the columns must be such as to make the metal-work and 
pedestals act as a single piece, so that, if tested to destruction 
by overturning, the bent would not fail between the super- 
structure and the substructure. 

While it is desirable to have sufficient base to prevent any 
tension from coming on the anchor-bolts, it is not advisable 
on this account to make the batter of the columns too great, 
especially in very high trestles. 
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When trestle-bents become unduly wide, a vertical column 
is to be placed midway between the legs so as to divide up 
the transverse and horizontal sway-bracing. 

Care must be taken to provide properly for expansion and 
contraction at column feet both transversely and longitudinally. 

In elevated railroads, the towers can be placed at about 
every fourth span or, say, every one hundred and fifty feet, 
or can be dispensed with altogether, when the conditions so 
require, by strengthening the columns properly to resist 
traction, thrust of braked trains, and the longitudinal compo- 
nent of diagonal wind-pressure. 

ADJUSTABLE MEMBEBB. 

It is preferable to avoid altogether the use of adjustable 
members in trusses, as well as in sway-bracing. If the struc- 
ture must be made as cheap as possible, adjustable counters 
may be employed ; but it is advisable to confine their use, as 
before stated, to diagonals in towers of swing-spans and in 
lower lateral systems of deck-bridges. 

GAuBER. 

All trusses must be provided with such a camber that, with 
the heaviest live load on the span , the total camber shall never 
be quite taken out by deflection. With parallel chords, suffi- 
cient camber will be obtained by making the top-chord sections 
longer than the corresponding bottom-chord sections by one 
eighth (J) of an inch for each ten (10) feet of length. One 
half of the camber after a span is swung is to be taken out of 
the track by dapping the ties, unless this would cut too deeply 
into the timber. 

Plate girders and shallow, open-webbed, riveted girders 
should not be given any camber. 

EXPANSION. 

Every span must be provided with some means of longitud- 
inal expansion and contraction due to changes of temperature 
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over a r&nge of one bundred and fifty (1$0) degrees Faht^n- 
beit. 

Spans up to eighty Sre (85) feet in length, or in certafik 
cases up to even one liutidred (100) feet, may alide on planed 
surfaces; but those of greater length must move on nests of 
turned rollers. Oeca»onally a rocker end is permissible; but 
this method of expansion is always to be arolded if practi- 
caUe. 

AI7CH0BAGB. 

£!very span must be anchored at each end to the pier or 
abutment in such a manner as to prevent tlie sliglitest lateral 
motion, but so as not to Interfere with the longitudinal motion 
of the trusses or girders due to changes of temperature or 
toading. 

KAME-t»LATES. 

The names of the designer^ manufacturer, and builder <^ 
every bridge or trestle, also the date of erection, must be at- 
tached thereto in a prominent position and in a durable man- 
ner, 

LOADS. 

The loads to be considered in designing bridges, trestles, 
and elevated railroads are the following; and all parts of same 
are to be proportioned to sustain properly the greatest atressea 
produced thereby for all possible combinations of the various 
loads. 

A. Live Load. 

B. Impact Allowance Load. 
0. Dead Load. 

D. Direct Wind Load. 

E. Indirect Wind Load, or Transferred Load. 

F. Traction Load. 

G. Centrifugal Load. 

H. Effects of Changes of Temperature. 

In calculating the stresses caused by a uniform moving 
load, the load i^all be assumed to cover the panel in adtance 
of the panel point considered; but the half-panel load going 
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to tlie forwavd iisfiel point wiU be Ignotwd; or, in otiter Words, 
1^ uuifoi^m load will be treated as if cioQceiitrated ^t the 
vuious paael poitnto. 

In decktspans on sharp caryes, after tlie centre curve for 
each rail and the centre lines of the longitudinal ^iHiers are 
laid out, the approximate extra live load on the outer girder 
due to the projectiou of the curve of the n^l beyond its centre 
line near mid-span is to be computed and added to the regular 
live load; but the corresponding excess of dead load from the 
flooring, being small, is to be ignored. As the superelevation 
provides for an equal distribution of the live load on the rails 
for the assumed medium velocity of trains, there will be an 
excess of live load on the outer girder due to the velocity be- 
ing sometimes greater than this; but the said excess is so 
small that it is to be ignored. 

The excess of live load on the inner girder, due to the ve- 
locity of train being sometimes less than that assumed for de- 
termining the superelevation, is offset by the reduced load 
due to the projection of the centre line of the rail near mid- 
span beyond the centre line of the girder; so it also is to be 
ignored. 

LIVE LOADS. 

The live load to be used iu designing any railroad structure 
shal'l be taken from the *' Compromise Staudaixl System of 
Live Loads for Railway Bridges and the Equivalents foi' 
Sftfiie," which is given in Oliapter XIX and in Plates I, II, 
III, and IV. 

Ib stngte-traek bridges but one of the seven classes of load- 
ing given can be used for any span; but in bi'idges having 
tnore than one track two or even three classes of loading can 
be used in the same span, if so desired by the Engineer: for 
instance. Class W coutd be a<}opted for stringers, Class X for 
cross- girders, and Class Y for trusses, thus utilizing the theory 
^ probabilities. 

The equivalent live loads given on the diagrams are to be 
-used instead of the actual wheel concentrations. 

i^c»r elevated railroads the live loads are generally to be very 
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much lighter than that of Class Z of the Ck>mpromi8e Stand- 
ard System; but the said loads will have to be determined for 
each individual system of elevated railroad, so as to provide 
for the greatest train load that can ever come upon the struc- 
ture, but for no more. 

IMPACT ALLOWANCE LOAD. 

The impact allowance load is to be a percentage of the 
equivalent uniform live load, found by the formula 

p_ 40000 



X + 500' 

where Pis the percentage and L the length in feet of span or 
portion of span that is covered by the live load, when the 
member considered is subjected to its maximum stress. 

DEAD LOAD. 

The dead load is to include the weight of all the metal and 
wood in the structure, excepting that of those portions resting 
directly on the abutments, whose weights do not affect the 
stresses in the trusses; also any other permanent load that may 
be carried by the structure. 

The following unit weights are to be assumed in estimating 
the dead load : 

Creosoted lumber four and one-half (4^) pounds per foot 
board measure. 

Oak and other hard woods four and a quarter (4j^) pounds 
per foot board measure. 

Yellow pine three and three-quarters (8|) pounds per foot 
board measure. 

White pine and other soft woods two and three-quarters (3f) 
pounds per foot board measure. 

Rails and their fastenings, sixty (60) pounds per lineal foot 
per track. 

Two thirds ({) of the dead load shall be assumed to be con- 
centrated at the panel points of the lower chords in through- 
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bridges and at those of the upper chords in deck-bridges; and 
one third (|) of the dead load at the panel points of the upper 
chords in through-bridges and at those of the lower chords in 
deck-bridges. 

If in any bridge design the dead load assumed should differ 
from that computed from the diagram of sections and the 
detail drawings by an amount exceeding one (1) per cent of 
the sum of the equivalent live load and actual dead load, the 
calculations of stresses, etc., are to be made over with a new 
assumed dead load. 

WIND LOADS. 

For railroad bridges the wind loads per lineal foot of span 
for both the loaded and the unloaded chords are to be taken 
from the curves given in Plate VII. 

The wind loads for the loaded chords include a pressure of 
three hundred (300) pounds per lineal foot on the train, the 
centre of which pressure is applied at a height of eight (8) feet 
above the base of rail. 

For determining the requisite anchorage for a loaded struc- 
ture, the train of empty cars shall be assumed to weigh one 
thousand (1000) pounds per lineal foot. 

In trestle towers the columns and transverse bracing shall 
be proportioned to resist the following wind-pressures in 
addition to all other loads. 

1st. When the structure is loaded, four hundred and fifty 
(450) pounds per lineal foot on stringers and cars, and two 
hundred and fifty (250) pounds for each vertical foot of each 
entire tower. 

2d. When the structure is empty, three hundred and fifty 
(350) pounds per lineal foot on stringers, assumed to be con- 
centrated one foot above the centre of stringer, and three 
hundred and fifty (350) pounds for each vertical foot of each 
entire tower. 

The wind loads for longitudinal bracing are to be taken as 
seven tenths (0.7) of those for the transverse bracing. 

In figfiring greatest tension on columns and anchor-bolts, 
computations are to be made for both the loaded and the un^ 
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loftded 0tntctiH«, ftt doA^le-tf'ftok tivstles plftcing the tr«hi i>f 
-emp^ty cars on lite leeward track. 

A:!! -wind }oad« are to he treated as m&v^ loads 

INBIRECT WIKD liOAb OR TRAlTgn&KBED LOAD. 

For both through and deck spans, even with polygonal top 
chords, the transferred load is to be assumed to produce a 
tension in the leeward bottom chord that is constant from end 
to end of span, and a similar release of teusion on the wind- 
ward bottom chord. For trusses with parallel chords this 
assumption is correct, pvoTided tint all the wind-pressure 
travels directly to ends of span by the horizontal bracing; while 
for trusses with polygonal top chords the assumption is a com- 
promise, the travel of wind-pressure being ambiguous. The 
transferred load at one pedestal is to be found by multiplying 
one half of the total wind load on the top chord by the average 
truss depth and dividing the product by the perpendicular 
distance between central planes of trusses. 

TRACTION LOAD. 

The total traction load on any porticm of a stfocture is to be 
taken as twenty (20) per cent of the greaite^ live load tlmt ^an 
be placed on that portion of said structure. 

In proportioning the towers and oolunuis of trestles and 
elevated railioads, the towers and columns between consecutive 
expansion points are to be assumed to ivceivc fio aid ftom 
ireightx)ri'ng towers and columns, but mmi be figured for th« 
greatest possible traction load between said consecutive ex|Miii> 
sion points. 

No percentage of impact is to be added to tmctioB loads. 

CBlfTBIFnOAL LOAD. 

The centrifugal load is to be computed for the greatest 
probable velocity of trains by the formula 
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where C is the eentrifttgal load per Hneai foot, « is the equiv- 
alent live load per lineal foot, « is the vdocity of train in feet 
per second, and i? Is the radius of the carve in feet. 

All portions of the structure affected by the centrifugal 
load are to be figured to carry property ihe stresses induced 
by the said load in addition to all other stresses to which they 
may be subjected. 

No percentage of impact is to be added to ccatrifugal kMuihk 

EFFECTS OF CHAlfGBS OF TBMFBRATtTRK. 

In ordiiHiry Structures changes of traiperature will not affect 
the stresses in the members, provided, of course, that proper 
precaution be taken to permit unrestricted expansion and con- 
traction. But in all arches, excepting only those hiuged at 
both ends and at the crown, the st)*esses caused by the 
assumed extreme changes of temperature must be computed 
and duly considered. 

uTTEirsiTrfis OP woBKXNa-smuEasdfis. 

The following intensities of working-stresses (i.e., pounds 
per square inch of cross-section) are to he used for all cases, 
except where wind loads are combined with other loads, under 
which conditions the said intensities are to be increased thirty 
(30) per cent. But when high steel is employed the metal is 
to be strained fifteen (15) per cent higher for all cases than 
herein specified, even after the said thiity (80) per cent has 
been added to allow for wind stresses. 

Tension on eye-bars in bottom chords and 
main diagonals, and on lateral rods 18,000 pounds. 

Tension on shapes in bottom chords, main 
diagonals and laterals, ou eye*bars in sus- 
penders and hip verticals, and on soft-steel 
adjustable truss members ... 16,000 ** 

Tension on net section of plate^girder flanges 
(assuming one eighth of the area of the web 
to act as a part of each flange), extreme fibres 
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of rolled I beams, and on shapes in body of 
suspenders, hip verticals and hanger-plates 
(there being 50 per cent increase of net area 
for section through eyes) 14,000 pounds 

Tension on adjustable truss members of 
wrought iron . . 13,000 

Bending on pins 27,000 

Bearing on pins and rivets (measured upon the 
projection of the semi-intrados upon a di- 
ametral plane) 22,000 

Sliear on pins and rivets 12,000 

Shear on webs of plate girders 10,000 

For field-rivets the intensities for bearing and shear are to 
be reduced twenty-five (25) per cent. 

Compression on top chords 18,000 — 70 — ; 

r 

Compression on inclined end posts. . . 18,000 — 80 — ; 

Compression on all other struts with 

I 

fixed ends 16.000 - 60-; 

r 

Compression on all other struts with 

I 
one or two hinged ends 16,000 — 80 — ; 

T 

where I is the unsupported length of the strut in Inches and r 
is its least radius of gyration in iuches. 

Compression on end stiffened of plate girders. 14,000 pounds. 

Tension on extreme fibres of long leaf. 
Southern, yellow-pine timber in bending, 
the effect of impact being considered ....... 2,000 ** 

BBARINGB UPON HA80NBT. 

All bed-plates must be of such dimensions that the greatest 
pressures on the masonry, including impact, sliiill not exceed 
those given in the following table: 
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Material. Permlrelble Pressure 

i»»i«ii»i. per Square Inch. 

Am. Nat. Cement Concrete 130 pounds. 

Brickwork laid in Cement 170 " 

Portland Cement Concrete 200 * * 

Ordinarily Good Sandstone 200 *' 

Extra Good Sandstone 260 " 

Yellow Pine or Oak on Flat 800 " 

Ordinarily Good Limestone 800 *' 

Extra Good Limestone 400 '* 

Granitoid 450 •' 

Granite 550 " 

BEYEBSING-STBBSSBS. 

In case stresses reverse, the areas required for both tension 
and compression, including impact in each case, are to be 
figured separately, and three fourths (f ) of the smaller area is 
to be added to the larger area in order to obtain the total 
sectional area of the piece. The rivets, however, are to be 
figured for the sum of the two stresses, both impacts included. 

The effect of reversion of stresses in case of wind loads is to 
be ignored when computing sectional areas of members and 
the number of rivets required ; but, of course, wherever rever- 
sion of stress occurs, the piece must be stiffened so as to resist 
compression. 

NET SECTION. 

The net section of any tension flange or member shall be 
determined by a plane cutting the member square across at 
any point. The greatest number of rivet-holes which can be 
cut by any such plane, or whose centres come nearer than two 
and a half (2^) inches to said plane, are to be deducted from 
the gross section when computing the net area. 

BENDING MOMENTS ON PINS. 

In figuring the bending moments on pins, the stresses shall 
be assumed as concentrated at centres of bearings. 
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COMBINATIONS OF aTBESSBS. 

In the ^rders of plate-ginter spans aud of deck, open-webbed, 
riveted-girder spans, the only stresses that need to be con- 
sidered are those caused by the live, impact, dead, and cen- 
trifugal loads. 

The trusses of through-bridges will be affected by the live, 
impact, dead, direct wind, and indirect wind loads ; and in 
exceptional cases also by the centrifugal load. The trusses of 
deck-bridges will be affected by all of these loads. In no case 
will the traction >oad affect the trusses of bridges to such an 
extent as to require consideration ; consequently the only 
provision for traction load required in through and deck 
bridges i^ adequate rigid bracing to carry it from the iracL^ to 
the trusses without subjecting any portion of the structure to 
an improper loading, as, for instance, the flanges of cross- 
girders to horizontal bending. 

In bridges of all kinds the various loads, herein specified 
shall be combined without any reduction ; but in trestle%^ 
more especially very high ones, it will be legitimate, when 
combining the stresses from the various loadings, to reduce 
some of tl^em or even to ignore some entirely, in order to 
avoid proportioping for any highly improbable or impossible 
combination of loads. For instance, when a trestle is situated 
near the middle of a sharp curve or near the apex of two 
heavy rising grades, it would be incorrect to assume a high 
velocity of train. In such cases as these the element of in- 
dividual Judgment in combining the stresses from the various 
loads and in assuming the sizes of the latter cannot well be 
elimLoiated. 

BBNPING ON TOP CHOKDS. 

For combined direct stresses and bending on chords, the 
moment is to be computed by the compiomise formula 
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where W is the total transverse load in pounds on the piece, 
including impact, and I is the length of the piece in inches. 

The extreme fibters^ress for the comb^tioa shall not ex- 
ceed sixteen thousand (16,000) poioads ; and- the nioment at 
midpauel is to be assumed the same in amount as that at the 
panel points. 

Top chords subjected to tmnsverse loading should be made 
aa deepi as ecoucMiiy of metal will permit. 



BBKDINQ QN INCLINED END POSTS. 

In proportioning inclined end posts of trusses of through- 
bridges for a combination of all the loads herein specified, to- 
gether with the bending caused by the wind-pressure which 
travels transversely down the piece to the pier or abutment, the 
extreme fibre inay be strained thirty (30) per cent higher than 
the intensity specified for the direct compression, the bending 
mom.cnt being computed on tlie assumption that the inclined 
end post is fixed above by the portal bracing and at the bottom 
by its connections to the pedestal and end fioor-beangi, thus 
making the lever-arm of the moment equal to one half the 
length of that portion of the iuclined end post lying between 
the centre of pedestal-pin and the centre of the lower port^ 
strut (or, in case of plate-girder porta}s» the bottom of the said 
plate girder). 



BENDING DUB TO WEIGHT OF MBMBERp 

If the extreme fibre-stress resulting from the bending due to 
the vi^eight only of any member does not exceed ten (10) per 
cent of the specified intensity of working-stress, the effect of 
such bending ma}'^ be ignored ; but, if it does so exceed, its 
effect must be combined with those of the other stresses, 
using, however, for determining the sectional area, an inten- 
sity of working-stress ten ^0) per cent greater than that 
specified. 
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QENEBAIi I1IKIT8 IN PESIONINa. 

The following general limits shall be adhered to in design- 
ing bridges, trestles, viaducts, and the line-work of elevated 
railroads : 

No metal less than three-eighths (|) of an inch in thickness 
shall be used except for filling-plates. 

The least allowable thicknesses of webs of rolled I beams 
shall be as follows : 

24" I beams f ' webs. 

20" ** ^" *' 

18" " i" " 

15" " T^" •* 

12" " f ** 

No channel less than ten (10) inches in depth shall be used, 
except for lateral struts, in which eight (8) inch channels may 
be employed. 

No angles less than 3" X 2^" X I" shall be used, except for 
lacing. 

No e3'^e-bars less than four (4) inches deep or three quarters 
(I) of an inch thick shall be employed ; and the depths of eye- 
bars for chords and main diagonals shall not be less than one 
fifty-fifth {^^) of the length of the horizontal projection of eamc. 

No adjustable rod shall have less than one square inch of 
cross-section. 

The shortest span length for trusses with polygonal top 
chords shall be one hundred and seventy-five (175) feet. 

The limit of span length in which the stringers can be riv- 
eted continuously from end to end of span sliall be two hun- 
dred (200) feet. Beyond this limit sliding bearings must be 
used at one or more intermediate panel points ; and in no 
span shall there be a length of continuously riveted stringers 
exceeding two hundred (200) feet. 

For all compression -members of trusses and for columns of 
viaducts and elevated railroads the greatest ratio of unsup- 
ported length to least radius of gyration shall be one hundred 
(100), excepting those members whose main function is to 
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resist tension. In these the limit may be raised to one hun- 
dred and twenty (120). 

The corresponding limit for all struts belonging to sway- 
bracing shall be one hundred and forty (140). 



aXINEBAIj PBIKOIP UeB J N DESIGNIira 
A Till STBTJCTUBISS. 

In designing all structural metal-work the following prin- 
ciples are invariably to be observed : 

1. All membei-s must be straight between panel-points, as 
curved struts or ties will under no circumstances be allowed. 

2. The axes of all members of ti-usses or girders and those 
of lateral systems coming together at any apex of a truss or 
girder must intersect at a point, whenever such an arrange- 
ment is practicable ; otherwise tbe greatest care must be em- 
ployed to ensure that all the induced stresses and bending 
moments caused by the eccentricity be properly provided for. 

8. Ti-uss members and portions of truss members must 
always be arranged in pairs symmetrically about the central 
plane of tbe truss, except in the case of single members, the 
axes of which lie in said central plane of truss. This applies 
also to the designing of open-webbed, riveted girders. 

4. In proportioning main members of bridges, symmetry of 
section about two principal planes at right angles to each 
other is to be attained wherever practicable; but in designing 
top chords and inclined end posts this rule cannot be fol- 
lowed. 

5. In both tension and compression members, the centre 
line of applied stress must invariably coincide with the axial 
right line passing through the centres of gravity of all cross- 
sections of tbe member taken at right angles thereto. 

6. The principle of symmetry in designing must be carried 
even into the riveting; and groups of rivets must be made to 
balance about centre lines and central planes to as great an 
extent as is practicable. 

7. In all structural metal-work, excepting only the ma- 
chinery for operating movable bridges, no torsion on any 



163 DB PONTIBUS, 

member shall be permitted, if it can possibly be avoided; 
otherwise, the greatest care must be taken to provide ample 
strength and rigidity for every portion of the structure af- 
fected by such torsion. 

8. In designing all pin-connected work ample clearauce for 
packing must be provided, and ample room must be left for 
assembling members iu confined spaces. 

9. In bridges, trestles, and elevated railroads the thrust 
from braked trains and the traction must be carried from (he 
stringers or longitudinal girders to the posts or columns with- 
out producing any horizontal bending moment on the cross- 
girders. 

10. In trestles and elevated railroads, the columns must be 
carried up to the tops of the cross-girders or longitudinal 
girders, and must be effectively riveted thereto. In no case 
will it be permitted to cut off the columns and rest the cross- 
girders or longitudinal girders on top of same. 

11. Every column that acts as a beam also must have solid 
webs at right angles to each other, as no reliance shall be 
placed on lacing to carry a transverse load down the column. 

13. In trestles and elevated railroads, every column must 
be anchored so firmly to its pedestal that failure by overturn- 
ing or rupture could not occur in the neighborhood of the 
foot if the bent were tested to destruction. 

13. The amount of field-riveting must be reduced to a 
minimum, without, however, diminishing the number of 
rivets requisite for strength and rigidity. Whenever it is 
practicable, all designs are to be made so that the field-rivets 
can be driven readily. 

14. Hivets are not to be used in direct tension. 

15. For members of any importance, more than two rivets 
are to be used for each connection. 

16. In designing short members of open-webbed, riveted 
work, it is better to increase the sectional area of the piece 
from ten (10) to twenty-five (25) per cent beyond the theoreti- 
cal requirement than to try to develop the strength by using 
supplementary angles at the ends to connect to the plates. 

17. Star struts formed of two angles with occasional short 
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pieces of angle or plate for staying same are DOt to be used, 
for better results are obtained by placing the angles in the 
form of a T. 

18. In all main members having an excess of section above 
I that called for by the greatest combination of stresses, the 
, entire detailing is to be proportioned to correspond with the 

utmost working capacity of the member, and not merely for 
; the greatest total stress to which it may be subjected. In this 

connection, though, the reduced capacity of single angles 
.' connected by one leg only must not be forgotten. 

19. Designs must invariably be made so that all metal-work 
after erection shall be accessible to the paint-brush, excepting, 
of course, those surfaces which are in contact with each other 
or with the masonry. This requirement rules out all closed 
columns of every type and description. 

I 20. In general, details must always be proportioned to resist 

every direct and indirect stress that may ever come upon them 

I under any probable circumstances, without subjecting any 

I portion of their material to a stress greater than the legitimate 

corresponding working-stress. 

I 21. In all designs simplicity in both main members and de- 

tails is to be considered of the greatest importance. 

22. In all structures rigidity is to be considered quite as im- 
portant an element as mere strength. 

28. Structures on skews are to be avoided whenever it is 
practicable to do so. 

24. The use of more than a single system of cancellation in 
bridges shall be confined entirely to lateral systems and sway- 
bracing, except that at mid-panels of trusses two rigid diag- 
onals connected at their intersection may for appearance be 
employed, provided that either diagonal have sufficient 
strength to carry the entire shear in either tension or com- 
pression, and that the adjacent vertical posts be figured accord- 
ingly. 

25. The use of redundant members in structures shall not 
be allowed, excepting only in the case just mentioned of rigid 
mid- panel diagonals. 

20. In all designing true economy must be given the utmost 
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consideration, and no useless material must be employed, every 
pound of metal in the structure having a legitimate function; 
but economy of material must not be quoted as an excuse for 
using inferior details or scamping the work in respect to 
strength, rigidity, or appearance. 

27. In all structural work the subject of SBsthetics must be 
duly considered; and all designs are to be made in harmony 
with the principles thereof, to as great an extent as the money 
available for the work will permit or as the environment of 
the structure calls for. 

* 

BIVETING. 

The rivets used shall generally be seven eighths (|) inch in 
diameter, smaller ones being employed for small channel flanges 
and legs of angle-irons less than three and a half (3^) inches 
wide. In very heavy work the rivet diameter should be in- 
creased to fifteen sixteenths (||) inch, and in certain extreme 
cases to one inch. 

The least diameters for rivets in flanges of channels are as 
follows, and the greatest diameters must not exceed the same 
by more than one sixteenth (y^^) of an inch : 

Depth of Channel.... 6" 7" 8" 9" 10" 12" 15" 
Diameterof Rivet... 5/8" 5/8" 8/4" 8/4" 8/4" 8/4" 7/8" 

The pitch of rivets in all classes of work in the direction of 
the stress shall never exceed six (6) inches, or sixteen (16) 
times the thickness of the thinnest outside plate, nor be less 
than three (3) diameters of the rivet. At the ends of compres- 
sion-members it shall not exceed four (4) times the diameter 
of the rivets, for a length equal to twice the width of the 
member. 

When two or more thicknesses oi plate are riveted together 
in compression-members, the outer row of rivets shall not 
be more than four (4) diameters from the side edge of the 
plate. 

No rivet-hole centre shall be less than one and a half (H) 
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diameters from the edge of a plate, aod, wheuever practicable, 
this distance is to be increased to two (2) diametei-s. 

The rivets when driven must completely fill the holes. 

The rivet-heads must in general be round ; and they must 
be of uniform size for the same-sized rivets throughout the 
work. They must by neatly made and concentric with the 
rivet-holes, and must thoroughly pinch the connecied pieces 
together. 

Rivets with flat heads shall be preferred to countersunk 
rivets ; the height or thickness of the flat head shall be three 
eighths (I) of an inch. 

Kivets shall not be countersunk in plates less than seven 
sixteenths (f^) of an inch in thickness. 

Flanges of stringers and girders carrying the vertical load 
from the ties shall have their rivets spaced uniformly from end 
to end, and at the minimum distance employed. 

Whenever possible, all rivets shall be machine-driven, and 
the machines must be capable of retaining the applied pressure 
until after the upsetting is completed. 

Field-riveting must be done with a button sett : the heads 
of the rivets must be hemispherical, and no rough edges must 
be left. 

All rivets in splice or tension joints are to be arranged 
symmetrically so that each half of any tension -member or 
splice-plate shall have the same uncut area on each side of its 
centre line. 

No rivet, excepting those in shoe-plates and roller or bed 
plates, is to have a less diameter than the thickness of the 
thickest plate through which it passes. 

The eflfective diameter of any rivet shall be assumed the 
same as its diameter before driving ; but, in making deduc- 
tions for rivet-holes in tension- members, the diameter of the 
holes shall be assumed one eighth (|^) of an inch larger than 
that of the rivet. In the effective area of riveted mcmbei-s, 
pin, bolt, and rivet holes shall be counted out for tension, 
and bolt and pin holes shall be counted out for compression. 



166 DB PONTIBUS. 



DETAILS OF DESIGN FOB BOIiLED I-BEAM SPANS. 

Rolled I beauis used as longitudinal girders shall have 
preferably a depth not less than one twelfth {^^) of the span. 
They shall be proportioned by their moments of inertia. 

I beam spans may have either one or two beams per rail. 
In the former case the spacing should be six (6) feet six (6) 
inches, and in the latter case two (2) feet six (6) inches between 
contiguous girders. With two lines of stringers per track, 
there will be required a bracing-frame at each end of span and 
diagonal bracing between the top flanges, unless the span be 
less than ten (10) feet in length, in which case the diagonals 
may be omitted. 

With four lines of stringers per track, no diagonal bracing 
will be required, but three (3) bracing-frames at each end will 
be used, with three (3) more at mid-span when the span 
length exceeds ten (10) feet. 

Each I beam is to have at each end a pair of stiffening 
angles, one of which will form a portion of the end bracing- 
frame. These are to fit tightly at both top and bottom against 
the flanges. 

Under each end of each I beam there is to be riveted a bear- 
ing plate of proper area and thickness to distribute the load 
uniformly over the masonry, said plate being bolted effectively 
to the latter with due provision for expansion and contraction. 

DETAILS OF DESIGN FOB PLATE-GIBDEB SPANS. 

Plate girders shall have preferably a depth not less than 
one tenth (y\y) of the span. 

All plate girders, whenever it is practicable, shall be built 
without splices in the web ; and, when such become neces- 
sary, the smallest possible number of same shall be adopted. 
The splice-plMtes and rivets for the splices shall be such as 
to develop in every respect the full strength of the net 
section of the web, the main splice-plates extending from 
flange to flange and having at least two (2) rows of rivets on 
each side of the joint. In addition to these, each flange shall 
be spliced by two cover-platps on top of the vertical legs of 
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the flange angles. These must be long enough to develop by 
the connecting rivets at least twenty-five (25) per cent more 
than the full strength of their net section. 

Splices in flange-plates and angles must always be avoided 
when suflSciently long plates* and angles are procurable, which 
will always be the case, unless the span be abnormally long. 
Where flange-splices are unavoidable, Ihey must h% so located 
that no two pieces of either the flange or the web shall be 
spliced within two (2) feet of each other, and so that no 
flange-splice shall occur at any point where there is not an 
excess of sectional area above the theoretical requirements. 
Every non-continuous flange-piece shall be fully spliced so that 
the splicing plates and rivets shall have a calculated strength 
at least twenty-five (25) per cent greater than that of the section 
spliced. Field-splicing of plate girders will never be allowed 
for fixed spans, except in structures for foreign countries. 

At least one half of every flange section must consist of 
angles, or else the heaviest sections of the latter must be used ; 
and the number of cover-plates must be made as small as 
practicable, in no case exceeding three (8) per flange. The 
lengths of these cover-plates must be such as to make them 
project at each end not less than nine (9) inches beyond the 
point determined by the calculations for the requisite resistance 
to bending. 

"Where two or three cover-plates per flange are used, they 
shall be of equal thickness, or shall decrease in thickness out- 
ward from the angles. The cover- plates shall not extend 
more than four (4) inches or eight (8) times the thickness of 
the outer plate beyond the outer line of rivets. With cover- 
plates more than fourteen (14) inches wide, four (4) lines of 
rivets shall be used. 

The compression -flanges of plate girders shall be made of 
the same gross section as the tension- flanges; and they shall be 
so stiffened laterally that the unsupported length shall never 
exceed twelve (12) times the width of flange. 

In deck-spans there are to be bracing frames at the ends 
and at intermediate points not more than fifteen (15) feet apart; 
and there is to be an effective system of diagonal bracing of 
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angles between the top flanges of the contiguous glrdere for 
each track. 

In half-through spans the girders are to be divided up into 
panels generally not exceeding fifteen (15) feet in length. If 
a steel floor system be used, there are to be brackets of web* 
plates and angles at the ends of the cross-girders extending to 
the top flanges of the longitudinal girders, so as to stay the 
latter effectively ; while, if a wooden floor system of ties rest- 
ing on shelves or on the bottom flanges be used, there are to 
be steel cross frames with solid webs, of the greatest depth 
obtainable, with similar brackets at their ends for the same 
purpose. Half -through plate-girder spans are to have a rigid, 
double intersection, lower lateral system of angles riveted to- 
gether by plates and angles at their intersections and to the 
bottom flanges of the steel stringers, if the latter be employed. 

Web-stiffeuers shall be placed at the ends of plate-girder 
spans, also at all points of concentrated loading and at inter- 
mediate points at distances not exceeding either the depth of 
the girder or five (5) feet, except in the case of shallow girders 
where the shear, including Impact, does not exceed five thou- 
sand (5000) pounds per square inch of web section. Under 
such circumstances the spacing of intermediate stiffeners may 
be made as great as three (3) feet six (6) inches. 

AH stiffeners must bear tightly at top and bottom against 
the flange, angles. Under end stiffeners there must be fillers 
flush with the flange angles, but intermediate stiffeners shall, 
preferably, be crimped. 

End stiffening angles shall in no case be less than 3|" X 3^'- 
X i", net, and must have sufficient area to carry the entire end 
shear, including impact, with the specified intensity of work- 
ing-stress, no reliance being placed on the fillers. 

The sections of intermediate stiffening angles shall not be 
less than those given in the following table. 

Length of Girder. Dimensions of Angles. 

UptoSO* 3V X 34" X r 

From 50' to 70' 4 X 3^ X f 

From70'to90' 5 X 3^ x| 
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In proportioniDg tbe flanges of plate girders, one eighth (|) of 
the gross area of the web is to be assumed as concentrated at 
the centre of gravity of each flange; or, in other words, after 
having found the net sectional area required for the tension- 
flange by ignoring the resistance of the web to bending, there 
is to be subtracted therefrom one eighth (|) of the gross area 
of the web-plate. 

At the ends of all plate girders there must be sufficient rivets 
in each flange to transfer properly thereto from the web the 
total end-shear in a distance equal to the effective depth of the 
girder. 

At the ends of cover-plates the spacing of the rivets which 
attach the covers, for a length equal to at least twice the width 
thereof, shall be made the minimum used in the flanges. 

Under each end of each plate girder there is to be riveted a 
bearing plate of proper area and thickness and thoroughly 
stiffened so as to distribute the load uniformly over the ma> 
sonry, said plate being bolted effectively to the latter with due 
provision for expansion and contraction. 

DSTAIIjS of DESiaN FOB OFSN-WBBBSD, BIVICTSD 

aiBDSB-SFANS. 

All open- webbed, riveted girders for both deck and half • 
through bridges shall be riveted up completely in the shop, 
as fleld-riveting will be allowed only for the lateral bracing, 
except in structures for foreign countries. 

In open-webbed, through, riveted girders, however, the con- 
nection of main members will have to be by field-rivets. In 
such cases all of the truss-members will have to be assembled 
in the shop, after which the rivet-holes for the connections 
shall be reamed so as to ensure perfect fitting in the field. 

The use of shallow open- webbed, riveted girders shall be 
avoided whenever possible, for the reason that they are quite 
as expensive and never as satisfactory as plate girders. In 
case, though, of their being required, as for Instance in ele- 
vated railroads occupying city streets, they are to be provided 
with short, substantial web-plates at the ends and at all iuter- 
medinte points where connections are made to other girders. 
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In proportioning the web-members of sucb girders, the 
specified intensities of working stresses are to be i-educed from 
ten (10) per cent for 6" X SV angles to twenty-flve (25) per 
cent for equal-legged angles, with proportionate amounts for 
angles of intermediate inequality of legs, so as to compensate 
for the secoudaiy stresses due to the eccentric grip of the nvets. 
In no case will it be permissible to use flats instead of angles 
for web-members, but tees may be employed, provided their 
heads be wide enough to permit of satisfactory riveted con- 
nections. 

At all intersections of web-members with chords, connect- 
ing plates are to be used; for it is not permissible to attach 
web angles directly to chord angles without using an inter- 
mediary plate. 

The exact intersection at a point of all gravity lines of girder- 
members assembling at any apex must be adhered to in the 
designing of open-webbed, riveted girders. 

In designing all riveted connections, the greatest care is 
to be taken to make connecting plates and groups of rivets 
balance about centre lines of stress, especially where passing 
from riveted work to pin-connected, as in the case of a rivet^ 
span with hinged ends at pedestals. 

In all other particulars, the designing of open- webbed, 
riveted work is to comply, wherever practicable and proper, 
with the specifications for pnate-girder and pin-connected 
spans. 

DETAILS OF DESIGNS FOB PIN-CONTTECTED SPANS. 

The sections of the top chords and those of the inclined end 
posts of through-spans shall consist generally of two built 
channels and a cover-plate, each channel being formed of a 
web and two angles, the upper one small and the lower one 
much larger, so as to bring the centre of gravity of the entire 
box section of the member as close as possible to the mid- 
plane of the web-plates. In no case will more than one cover- 
plate be allowed, and this is to be made as thin as is proper. 
It is permissible to substitute rolled channels for the built 
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ODes ; but when this is done it is often advisable to riyet a 
thick narrow plate to the under side of each channel, in order 
to facilitale the packing and detailing of web-members by 
keeping the centre line of stress coincident with the gravity 
axis of the piece. 

Main vertical posts shall, generally, be composed of two 
laced channels, preferably rolled ones, although built ones 
can be used where large sections are required. 

Secondary vertical posts may be built of two rolled channels 
laced, or of four angles in the form of an I with a single line 
of lacing. These secondary rertical posts should, preferably, 
be riveted to the top chord instead of being pin -connected 
like the main vertical ix>sts. 

The channels of vertical posts may have their flanges 
turned either inward or outward as desired, or so as to best 
suit the general detailing of the truss. 

Stiff bottom chords and inclined web-struts may be made 
of either two channels with two lines of lacing or of four 
angles with one line of lacing. 

Upper lateral struts, overhead transverse struts, and web- 
stiffening struts shall, preferably, be made of four angles with 
one line of lacing. In case, however, the said angles be spaced 
veiy far apart, as in lateral struts connecting deep top chords, 
they are to be placed on the corners of a rectangle, wi.h their 
legs turned inward, and laced on all four faces of the box 
strut thus formed. 

£ye-bars are to be used for all bottom chords and main 
diagonals that do not require to be stiffened. 

Counters, when employed, can be of either rounds, squares, 
or flats. These and all other adjustable members are to have 
their ends enlarged for the screw-threads (unless soft-steel, 
cold-pressed threads be used) so that the diameter at the 
bottom of the thread shall be one eighth (|) of an inch greater 
than that of the body of a round rod of area equal to that of 
the adjustable piece. 

In short spans, two angles riveted back to back, or even a 
single large angle, may be used for lower lateral diagonals ; 
but for long spans the diagonals are to be made of fi)iir angles 
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in the form of au I with a single liue of laciDg. When two 
angles are used, a single plate must not be depended on to 
form the splice at the intersection of the diagonals, but two 
angles, each not less than two (2) feet long, are to be placed 
beneath or on top of the spliced angles, so as to form a full 
splice in respect to rigidity as well as strength. 

Diagonals for upper lateral systems and vertiail sway- 
bracing shall, preferably, be built of four angles in the form 
of an I with a single line of lacing ; but, for structures where 
this section would involve an extravagant use of metal, two of 
the angles, one at top and one at bottom, may be omitted, 
thus making each strut consist of two angles laced, provided, 
of course, that where the struts cross they shall be rigidly 
connected by two plates of ample size. This unbalanced 
section for such diagonals is to be avoided whenever it can be 
done without undue use of metal. In no case, though, will 
it be permissible to use angles in tension that are not capable 
of resisting properly the possible compressive stresses, with 
due regard for the specified limit of ratio of unsupported 
lehgth to least radius of gyration. 

In designing transverse lateral and overhead struts and 
their connections it must be remembered that their main 
function is to hold rigidly the chords or posts to place and 
line, and not merely to resist as columns the greatest cal- 
culated direct stresses to which they may be subjected. For 
this reason such struts should have ample section for rigidity, 
and the connecting plates at their ends should grip both con- 
nected membei-s effectively. 

Stringers for truss-bridges shall invariably be built of plates 
and angles, and no cover-plates will be allowed for the flanges. 
Their depths shall be made not less than the most economic 
ones in respect to weight of metal required, provided that the 
bridge clearance will permit, and never less than one twelfth 
{j\) of the 8{)an. No splices will be allowed in their flanges 
nor any in their webs, provided that sufliciently long web- 
plates are procurable. The compression-flanges shall be made 
of the same gross section as the tension-flanges ; and they shall 
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be so stiffened that the unsupported length shall never exceed 
twelve (12) times the width of flange. 

Rigid diagonal bracing of angles is invariably to be used 
between the top flanges of stringers, and rigid bracing-frames 
are to be employed near all expansion points. If the panel 
length exceed thirty (80) feet, there shall be a bracing-frame 
at mid-length between the contiguous stringers of each track; 
but for all shorter panels the rigid lower lateral diagonals 
which are riveted to the bottom flanges will stiffen the latter 
sufiiciently. 

In respect to stiffening angles for stringers, the rules 
governing those for plate-girder spans are to be followed; but 
the end stiffeners are to be faced or otherwise treated so as to 
make the stringers of exact length throughout, and so as to 
effect a uniform bearing of the end stiffeners against the webs 
of the cross-girders. 

In respect to proportioning of flanges and number of rivets 
required, the rules given for plate -girder spans are to apply 
also to stringers. The said rules are to apply also to cross- 
girders, as shall also those relating to stiffeners, splices, cover- 
plates, and size of compression-flanges, that are given for 
plate-girder spans. Wherever it is necessary to notch out the 
comers of the cross-girders to clear the chords, the greatest 
care must be taken to provide an adequate means for transfer- 
ring the shear to the posts without impairing either the 
strength or the rigidity. If necessary, in through-bridges the 
web of the cross-girder can be divided into three parts so as 
to let the end portions project above the top flange and form 
brackets that will afford opportunity for using an ample 
number of rivets to connect to the posts, and will strengthen 
properly the otherwise weakened cross-girder. 

In order to carry the thrust of trains from the stringers to 
the posts through the lower lateral diagonals, the latter and 
the stringers are to be made to form complete horizontal 
trusses by running angles between stringers at the level of the 
bottom flanges. In single-track bridges two pieces of angles 
per panel running transversely between siriugers at the inter- 
section of the latter with the diagonals will suffice: but in 
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double-track bridges there will be required two such angles 
per panel between inner stringers, and four diagonal angles 
per panel to run from where the lateral diagonals intersect 
the outer stringers to where the inner stringers meet the cross- 
girders. 

All plates, angles, and channels used in built members of 
trusses must, if practicable, be ordered the full length of the 
member; otherwise the splices must develop the full strength 
of the member, without any reliance being placed on the 
abutting ends for carrying compression. 

But in total splices at the ends of sections perfect abutting 
of the dressed ends is to be relied upon. However, the splioe- 
plates even there must be of ample size and strength for both 
rigidity and continuity. 

The unsupported width of plates strained in compression, 
measuring between centre lines of rivets, shall not exceed 
thirty-two (82) times their thickness, except in the case of 
cover-plates for top chords and inclined end posts, where the 
limit may be increased to forty (40) times the thickness. 
Where webs are built of two or more thicknesses of plate, the 
rivets that are used solely for making the several thicknesses 
act as one plate shall in no case be spaced more than twelve 
(12) inches from each other or from other Hvets connecting 
said component thicknesses together. The least allowable 
thickness for such compound web-plates shall be one (1) inch. 

The open sides of all compression-members composed of 
two rolled or built channels, with or without a cover-plate, 
shall be stayed by tie plates at ends and by diagonal lacing- 
bars or lacing-angles at intermediate points. Lacing-bars may 
be connected to the flanges by either one or two rivets at each. 
end; but lacing-angles, which are used for members of heavy 
section only, must be connected by two rivets at each end. 

The tie-plates shall be placed as close as practicable to the 
ends of the compression-members. Their thickness shall not 
be less than one- fiftieth {^^f) of the distance between the centre 
lines of the rivets by which they are connected to the flanges, 
unless said tie-plates be well stiffened by angles, in which case 
they may be made as thin as three eighths ({) of an inch. 
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The length of a tie-plate shall never be less than its width, or 
one and one^half (H) times the least dimension of strut (unless 
it be close to a web diaplu'agm of the member, in which case 
it may be as short as twelve (12) inches), and seldom greater 
than one and one-half (li) times its width. 

The thicknesses of lacing-bars shall never be less than one 
fiftieth (^) of the length between ceutros of the end rivets, 
measuring between inmost rivets in case that there be more 
than one rivet at each end. The smallest section for a lacing- 
bar shall be one and three quarter (1}) iuches by three eighths 
({) of an inch, which size shall be used for channels under 
nine (0) inches deep; and the largest section shall be two and a 
half (3i) inches by one-half (^) inch, which size shall be used 
for channels fifteen (15) iuches deep. For intermediate sizes 
of channels, the sizes of lacing-bars shall be interpolated. For 
all built channels of greater depth than fifteen (15) inches, and 
for all cases where a lacing-bar would require a greater thick- 
ness than one-half (^) inch, angle lacing is to be used, the 
smallest section for same being %" x 2^" X I", and the largest 
2i" X 8i" X I". For two (2) inch lacing-bars and two and 
a half (2^) inch lacing angles, three-quarter (f ) inch rivets are 
to be used; and for two and a half (2^) inch lucing-bars and 
three (3) inch lacing-augles seven-eighths (|) inch rivets are 
to be adopted. 

In general, the inclination of lacing-bars to axis of member 
shall be about sixty (60) degrees ; but in members of minor 
importance and in tension-members the said inclination may 
be made slightly flatter. 

Pin-plates shall be used at all pinholes in built members for 
the double purpose of reinforcing for the metal cut away and 
reducing the intensity of pressure on pin and bearing to or 
below the specified limit. They shall be of such size as to 
distribute properly, through the rivets, the pressure carried 
by such plates to both flanges and web of each segment of the 
member ; and they shall extend at least six (6) inclies within 
the tie-plates of said member, so as to provide for not less than 
two (2) transverse rows of rivets there. 

When the pin ends of compression-members are cut away 
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into jaw-plates or forked ends, for the purpose of packing 
closely the various members connected by the pin, these jaw- 
plates or post extensions shall be considered as columns, the 
thickness of each of which shall be determined by the follow- 
ing formula : 

p=: 10,000 -300;; 

where p is the greatest allowable intensity of working-stress 
(impact being considered) ; I is the unsupported length in 
inches, measuring from the centre of the pinhole to the 
centre of the first transverse line of rivets beyond the point at 
which the full section of the member begins ; and t is the tofnl 
thickness in inches of one jaw. The length I is always to be 
made as small as practicable; and, in cases of unavoidably- 
long extensions, the plates are to be stiffened by an interior 
diaphragm composed of a web with four, or sometimes only- 
two, angles. 

It is always better, whenever practicable, to avoid cutting 
away the ends of channels ; but, if they must be trimmed, the 
ends must be reinforced so that the strength of the member 
shall not be reduced by the trimming. 

In riveted tension-members, the net section through any 
pinhole shall have an area fifty (50) per cent in excess of the 
net sectional area of the body of the member. The net sec- 
tion outside of the pinhole along the centre line of stress shall 
be at least sixty-five (65) per cent of the net section through 
the pinhole. 

Pins are to be proportioned to resist the greatest shearing 
and bending produced in them by the bars or struts which 
they connect. Ko pin is to have a diameter less than eight 
tenths C^ji) of the depth of the deepest eye-bar coupled thereon. 
No truss-pin is to have a smaller diameter than three and a 
half (8^) inches, and no lateral pin, if any such be used, a 
diameter less than two and a half (2^) inches. 

Lower chords are to be packed as closely as possible, and in. 
such a manner as to produce the least bending moments on the 
pins; but adjaceul eye-bars in the same panel must never have 
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less Uuin a one- half (i) locb space between them, in order to 
facilitate painting. Tbe various members attached to any pin 
must be packed as closely as practicable, and all interior 
vacant spaces must be filled with steel fillers, where their 
omission would permit of motion of any member on the pin. 
AH bars are to lie in planes as nearly as possible parallel to 
the central truss-plane, no divergence exceeding one eighth 
(|) of an inch to the foot being permitted. 

In detailing I struts composed of four angles with a single 
line of lacing, the clear distance between backs of angles shall 
never be made less than three-quarters ()) of an inch, in order 
to permit the insertion of a small paint-brush. 

The greatest allowable pressure upon expansion-rollers of 
fixed spans, when impact is considered, shall be determined 
by the equation 

p = 600<f, 

where p is the permissible pressure in pounds per lineal 
inch of roller, and d is the diameter of the latter in inches. 
The least allowable diameter for expansion-rollers is fhree (8) 
inches. 

Rollers shall be enclosed in boxes made practically dust- 
tight, but which will not retain water, and which are so 
designed that the sides can be readily removed for the purpose 
of cleaning. These boxes must be so designed as to permit of 
a free movement of the rollers in the longitudinal direction of 
span sufficient to take up the extreme variations in length due 
to temperature changes and deflection, and at the same time 
prevent any transverse motion of the end of the span. 

All shoe-plates, bed-plates, and roller-plates are to be so 
stiffened that the extreme fibre-stress under bending, when im- 
pact is included, shall not exceed sixteen thousand (16,000) 
pounds. 

Pedestals shall be either of cast steel or built up of plates 
and i^apes. In built pedestals, all bearing surfaces of the 
base-plates and vertical bearing-plates must be planed. The 
vertical plates must be secured to the base by angles having 
at least two rows of rivets in the vertical legs ; and the said 
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vertical plates must bear properly from end to end upon the 
base. No base-plate, vertical plate, or conuectiug angle 
shall be less in thickness than three quarters (f ) of an inch. 
The vertical plates shall be of sufficient height and must con- 
tain enough metal and rivets to distribute properly the loads 
over the bearings or rollers. The bases of all cast-steel pedes- 
tals shall be planed so as to bear properly on the masonry or 
rollers. All rollers and the faces of base-plates in contact 
therewith are to be planed smooth, so as to furnish perfect 
contact between rollers and plates throughout their entire 
length. 

All pedestals whether built or cast must have one or more 
diaphragms between webs, carried up as high as the general 
detailing will permit, so as to transmit transverse horizontal 
thrust to the base without overstraining the webs by bending 
in their weakest direction. 

Heads of eye-bars are to be made of such dimensions that 
when the bars are tested to destruction they shall break in the 
body and not in the eyes ; and in case of loop-eyes, so that 
they shall not fail in the welds. Rods with beut eyes shall 
not be used. In loop-eyes, the distance from the inner point 
of the loop to the centre of the piuhole must not be less than 
two and one half (2^) times the diameter of the pin, and 
the loop must fit closely to the pin throughout its entire semi- 
circumference. 



DETAIIiS OF DESIGN FOB TBESTIjES AND EIiE- 

VATED BAIIiKOADS. 

The sections of main members of trestles shall, generally, 
be as follows : Columns, two channels laced with flanges 
turned either out or in, two channels with I-beam web 
between, four Z bars with web-plate, four Z bars with a 
single line of lacing inside and occasional stay-plates outside, 
or four angles with a single line of lacing inside ; diagonals in 
transverse and longitudinal bracing, and all bottom horizontal 
bracing struts, four angles with a single line of lacing; 
horizuutal transverse bracing struts at top of towers, bracing 
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frames of aogles ; longitudinal struts at top of towers, plate 
girders; and longitudinal girders, plate-girder spans, or 
occasionally, for very long spans, open-webbed, riveted 
girders or pin-connected trusses. 

The detailing for longitudinal girders of trestles and 
elevated railroads and the bracing between same shall comply 
with the specificAtions governing the designing of plate- 
girder spans and the floor systems of pin-counected ^pans. 

In general, the transverse and longitudinal bracing of 
trestle towers shall consist of a double-cancellation system of 
stiff diagonals without any horizontal struts, except at the 
bottom between pedestals. The latter struts must be strong 
enough to move the column feet upon their sliding-bearings 
when said struts are expanded or contracted by changes of 
temperature^ Provision roust be made for holding some feet 
rigidly, and for sliding some in one horizontal direction only, 
and others in any horizontal direction, at the same time 
holding them all down so that they shall not be lifted 
perceptibly by the wind-pressure. Sliding- plates are always 
preferable to rollers for pedestals of trestles. They shall be 
planed extremely smooth, and so as to bear properly at all 
parts. 

Occasionally, in solitary bents, it is permissiDie to use 
hinged ends for columns at pedestals ; but it is generally 
better to make them fixed, and to figure the columns for tbe 
greatest bending produced in them by transverse loads and 
extreme changes of temperature. 

The tops of trestle columns are to be made vertical by 
bending them just beneath the longitudinal girders where the 
latter are riveted to them ; and the upper transverse struts 
must be made as deep as the longitudinal girders, and must be 
riveted effectively to the columns. Corner brackets of double 
webs are to be used for connecting the columns to the 
horizontal struts and bracing-diagonals, and at the same time 
to strengthen the column at the bend. Additional strength- 
ening is to be given by using a solid web or diaphragm in 
the column extending from the top thereof to a point about 
two (2) feet below the bend. 
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All spUces in columns are to be full, butt splices, located 
preferably about two (2) feet above the points where the sway- 
diagonals connect, shingle-splicing being avoided because of 
the trouble it gives during erection. 

The best span lengths for trestles are generally those which 
make the total cost of structura a minimum, the tower 
length varying from twenty (20) feet for low trestles to 
thirty (30) feet for very high ones, and the intermediate spans 
varying from thirty (30) to sixty (60) feet for the same limiting 
heights. Any length of girder exceeding sixty (60) feet would 
probably necessitate the employment of a too long, heavy, and 
expensive traveller, or else the use of bents of falsework 
between the towers. 

For elevated railroads the sections of main members shall 
be as follows : Longitudinal girders, preferably plate girders, 
or, if necessary, open-webbed, riveted girders ; cross- girders, 
plate girders ; columns for structures without longitudinal or 
tower bracing, two channels with an I beam riveted between ; 
and columns for structures with longitudinal or tower bracing, 
four Z bars with a web>plate. 

All columns for elevated railroads are to have both ends 
fixed, beiug held rigidly at the top by either the longitudinal 
girders or by deep struts that carry the thrust of braked trains 
from the track to the columns, and their sectional areas are to 
be figured accordingly for both direct load and bending. 

Longitudinal girders in elevated railroads shall, generally, 
be riveted into the cross-girders and not rest thereon, except 
under certain conditions for the sake of clearance beneath, in 
which case the top flanges of the half-through girders must be 
stayed at the ends and at intermediate points, as specified for 
plate-girder spans 

On all curves in elevated railroads, special lateral bracing of 
angles, riveted at intersections to the longitudinal girders and 
carried over and riveted to the columns, must be employed. 

Where brackets for columns can be used advantageously in 
elevated-railroad work, they must be put in, and must be built 
of solid web plates and angles. 

In general, the limiting length of structure between expaa- 
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sion points shall be about one hundred and fifty (150) feet. If 
this length be exceeded materially, the columns may have to 
be strengthened to resist the bending caused by changes in 
temperature. 

All expansion-pockets are to be so detailed as to throw the 
load from the longitudinal girder as close as possible to the 
web of the cross-girder; and sufficient rivets are to be used in 
connecthig the pocket to the cross- girder to provide for both 
the direct shear and the bending moment from the eccentric 
load. 

All anchor-bolts at column feet are to extend well up above 
the base-plate, passing inside of a curved plate that is riveted 
to the column, and which supports a heavy washer-plate to 
receive the anchor-bolt nut. The space between the curved 
plate and the anchor-bolt after erection is to be filled with 
Portland-cement grouting. 

All column feet are to be raised so far above the ground 
that no dirt, snow, or moisture can collect around them and 
remain there. The boxed spaces at column feet are to be filled 
with Portland-cement concrete made with small broken stone. 

The bases of pedestals are always to be made large enough 
to prevent all possibility of settlement of foundations. In 
figuring the pressure on the base of the pedestals it is not suf- 
ficient to recognize only the direct live and dead loads, but it 
is necessary also to compute the additional unequal intensi- 
ties of loading caused by both longitudinal and transverse 
thrusts. 



CHAPTER XV. 

SPECIFICATIONS FOR RAILROAD DRAW-SPANS. 

The specifications given in the preceding chapter for fixed 
spans apply also to draw -spans, except where otherwise stated 
in the following pages. 

QEXTEBAIi BESCBIFTION. 
MATERIALS. 

The specifications previously given apply also to draw- 
spans, except that cast iron may be used for the centre cast- 
ings on top of pivot-piers, for anchor-pieces in the masonry, 
for shafting- boxes, and for rail-chairs, and some other castings 
of minor importance. The use of high steel for drawbridges 
will not be permitted. 

BTYLBS OF BRIDGES FOR VARIOUS SPAN LENGTHS. 

For spans up to one hundred and sixty (160) feet in length, 
plate-girder spans should be used. These may be made to act 
as continuous girders over the pivot-pier, or may have pin- 
connections over the drum, so that when the live-load is ap- 
plied they will act as two separate spans. The latter style is 
generally preferable, because there is no tendency for the far 
end of the span to rise when the live load is being brought on. 

For spans between one hundred and sixty (160) feet and two 
hundred and seventy-five (275) feet, pin -connected Pratt 
trusses with parallel top chords and stiff diagonals in panels 
where there is reversion of stress, or riveted trusses of single 
cancellation, are to be used. 

For spans between two hundred and seventy-five (875) feet 

182 



SPECIFICATIONS FOR RAILROAD DRAW-SPANS. 183 

and three hundred and firty (350) feet, pin-connected Pratt 
trusses with brokeu top chords are to be employed. 

For si:^ns of over three hundred and fifty (850) feet, pln- 
connected trusses with subdivided panels are to be adopted. 

It is understood that these limiting lengths are not fixed 
absolutely, as the best limits will vary somewhat with the 
number of tracks and the weight of trains. 

The height of towers should generally be between one sixth 
(i) and one seventh (^) of the total length of span, measuring 
from centre to centre of end-pins; although in certain cases it 
may, for the sake of appearance, be made a little greater. The 
truss depth at the inner hips should be from one ninth (^) to 
one tenth (^9) of the total length of span. The truss depth at 
outer hips for spans up to four hundred (400) feet will gener- 
ally be determined by the clearance required. For longer 
spans it should be between one fourteenth (^) and one 
fifteenth (^) of the total span length. 

The length of the centre panel will, in most cases, be made 
equal to the perpendicular distance between central planes of 
trusses. 

In spans having horizontal top chords all panels of the 
latter must be made of stiff membera, excepting only the 
centre panel over the pivot-pier; and the diagonals next to the 
middle panel are to be tension-members. 

Broken top chords must be made of stiff members from 
ends to inner hips, but the portion between the inner hips is 
to be made of eye-bars. Inclined posts extending from inner 
hips to drum are to be used in all cases where top chords are 
broken. 

LOADS. 

The loads to be considered in designing draw-spans are the 
following : 

A. Live Load. 

B. Impact Allowance Load. 

C. Dead Load. 

D. Uplift at Ends. 

E. Direct Wind Load. 

F. Indirect Wind Load or Transferred Load. 
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LIYB LOADS. 



The liye loads for the various parts of the structure are to 
be taken from the " Compromise Standard System of Live 
Tx)ads for Railway Bridges/' in the same manner as previously 
specified for fixed spans. 

The live load for trusses with only one arm loaded is to be 
taken from the live-load curves for a span equal to the distance 
between the centre of the end-pin and that of the pin at the 
foot of the nearer tower post; but for both arms loaded the 
live load is to be taken for a span equal to the distance between 
centres of end-pins. 

For only one arm loaded, the half -span is to be considered 
to Act as a simple span on two supports; and, for both arms 
loaded, the entire span is to be considered continuous over 
four supports. The stresses due to the live load, with both 
arms wholly or partially loaded, are to be determined by the 
balanced-load method. For convenience in determining the 
reactions at ends aud at centre supports for balanced loads the 
curve given on Plate IX can be used. This gives the per- 
centage of any balanced load which is supported at the outer 
end of a half-span. 

DBAD LOADS. 

lu spans over two hundred and seventy-five (275) feet, the 
dead load per truss is to be increased properly from the ends 
towards the centre of span in order to cover the weight of the 
heavy truss-members, which increase in size toward the centre 
of the span. The division of the dead load between top and 
bottom chords is to be the same as specified for fixed spans. 

The dead loads from tower, drum, and turntable are not to 
be considered as affecting the stresses in the trusses. 

ASSUMED UPLIFT LOADS. 

There will be a considerable uplift at the ends of the span, for 
tney are to be brought to a firm bearing by means of the end- 
lifting device. The amount of this uplift per truss or girder 
is to be assumed as a certain proportion of the entire dead load 
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carried by one arm of the said truss or girder when the span 
13 being swung, which proportion is to be talLen from the fol« 
lowing table: 

Q*««a Ratios of Uplift 

^P*^^- to Dead Load. 

Up to 150' 

15(y to250' 

250' to 350' 

850' to 450' 

Over 450' •. 

These uplifts are to be adopted both for finding the uplift 
stresses in trusses nnd fur proportioning the end-lifting ma- 
chinery; provided, however, that for the latter purpose no 
assumed uplift be less than twenty thousand (30,000) pounds 
for single- track drawbridges or less than forty thousand 
(40,000) pounds for double-track drawbridges, 

WIND LOADS. 

The wind loads per lineal foot of span for both the loaded 
and the unloaded chords are to be the same as those specified 
for fixed spans, the length of span, however, being that of 
one arm of the draw. 

When the span is open, all the wind load is to be carried to 
the drum through the lateral systems. When the draw is 
closed, the wind load is to be carried to both the ends and 
the centre supports, the lower lateral system and bottom 
chords being considered to act as a continuous girder over 
four supports. The reactions at the ends and the centre can 
be taken from the curve for balanced live loads. 

INDIRECT WIND LOAD OK TRANSFERRED LOAD. 

The wind load on the upper chords is to be assumed to 
travel through the upper lateral system to the inner hips, 
when the span is open, then down the inner incliued posts to 
the drum, thus producing a transferred load on the leeward 
inclined post and a released load on the windward one. As 
ike upper lateral system is not continuous between the inner 
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hips, none of the wind load on the upper lateral system is 
carried down the tower-posts, excepting that which co|;iies on 
the centre panel and the two adjacent panels. In order to 
ensure such a distribution of the wind load it is necessary to 
put no diagonals in those panels of the upper lateral system 
which are adjacent to the inner hips and between same and 
the tower. 

When the draw is closed, one half of the wind load on the 
upper lateral system of one arm is to be assumed to travel 
down the eud inclined posts, aud one half down the inner 
'incliued posts. 

The transferred-load stress on an inclined post is to be 
found by multiplying the wind load going to it by the aver- 
age height of the top-chord panel poiuts to which said wind 
load is applied, dividing the product by the perpendicular 
distance between central planes of trusses, and multiplying 
the quotient by the secant of the angle that the inclined post 
makes with the vertical. 

The transferred -load stress on a tower- post is to be deter- 
mined by multiplying the wind loads carried by the two 
opposite posts by the respective heights at which these loads 
are applied, and dividing the sum of these products by the 
perpendicular distance between central planes of trusses. 



COMBINATIONS OF STBESSES. 

In ascertaining the stresses in the trusses of swing-bridges 
the following conditions are to be considered : 

Case No. 1. Greatest stresses, dead load only acting, bridge 
swinging open. 

C<Me No. 2. Greatest stresses from assumed uplift at end 
of span. 

Com No. 3. Greatest stresses from live load on one arm 
only ; each arm being considered to act as a simple span on 
two supports. 

Cme No. 4. Greatest stresses from live load on both arms, 
the live load advancing from both ends toward the centre 
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until the span is fully loaded ; the latter being considered to 
act as a continuous girder over four supports. 

Case No. S. Greatest direct stresses, on the chords that carry 
the liye load, from wind load when the bridge is open. 

Case No, 6. Greatest direct stresses, on the chords that carry 
the live load, from wind load when the bridge is closed and 
wholly or partially loaded. 

Ccue No. 7. Greatest indirect wind-load stresses or trans- 
ferred-load stresses on the lower chords when the bridge is 
closed and wholly or partially loaded. 

The first combinatiou of these stresses includes Oases, No. 
1, No. 2, No. 8, and No. 4, and gives the greatest stresses for 
all truss membei's from combined live and dead loads, for 
which combination the regular specified intensities of work- 
ing-stresses are to be used. It is to be noted that wherever 
the load for Case No. 2 increases the total stress on any mem- 
ber, its effect is to be considered ; but wherever the said load 
decreases the total stress on any member, its effect is to be 
ignored. The reason for this is that the amount of uplift la 
a purely arbitrary assumption, which possibly may never be 
realized. This method of treating the uplift-load stresses 
causes errors on the side of safety, which do not add materi- 
ally to the total weight of metal in the structure, and which 
tend to strengthen the lighter members of the trusses. 

The second combination of these stresses includes all seven 
cases, but it is to be noticed that the only truss members 
affected by the wind loads are the inclined posts at ends and 
over drum, and the chords which carry the live load. In this 
second combination it must not be forgotten that the metal is 
to be strained thirty (30) per cent higher than in the first 
combination. 

For the lateral systems the following conditions are to be 
considered : 

For upper lateral systems of through-bridges and lower 
lateral systems of deck-bridges — 

Caee No. 1. Greatest wind -load stresses when span is 
swinging. 

Case No, 2, Greatest wind-load stresses when span is closed 
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and ends are raised, thus making the entire lower lateral 
system with the bottom chords a continuous girder with four 
points of support. This case does not involre the presence 
of any live load ou the span. 

For lower lateral systems of through-bridges and upper 
lateral systems of deck-bridges — 

Case No. 3. Greatest wind-load stresses when span is 
swinging. 

Gase No, 4* Greatest wind -load stresses when span is closed 
and ends are raised, and with live load on one arm only, thus 
making the loaded chords with their lateral system a simple 
span with supported ends. 

Gase No, S, Greatest wind-load stresses when span is closed 
and ends are raised, and with the live load on both arms cover- 
ing same either wholly or partially, thus making the loaded 
chords with their lateral system a continuous girder with four 
(4) points of support. 

The greatest stress on any lateral member found by these 
five conditions of wind-loading is to be used in proportioning 
its section, and there is to be assumed no division of the wind 
load between structure and train, although the failure to 
make said division will cause small errors on the side of 
safety. 

DETAIIiS OF DESIGX FOB FLATZS-GIBDSSB 

DBATTiT-SPANS. 

Plate-girder drawbridges are to be divided into two types, 
viz.: 

Type No. 1. Continuous girders, in which the girders act as 
continuous spans resting on four points of support; and 

Type No. £. Non-continuous girders, in which the two arms 
caiTy the live load independently of each other, the dead-load 
stresses over the pivot pier when the span is swung being 
carried by links. 

For Type No. 1 the same combinations of stresses are to be 
used as specified for truss draw-spans, but it will generally be 
found that the wind loads do not affect the proportioning of 
the girders. 
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For Type No. 2 the loads to be considered are as follows: 

Case No. 1, Dead-load stresses when the span is swung. 

Cctse No* 2. Dead-load stresses for each arm acting inde- 
pendently of the other. 

Ga%e No. 3, Live-load stresses for each arm acting inde- 
pendently of the other. 

The stresses in Cases No. 2 and No. 3 are to be combined, 
but those in Case No. 1 are not to be combined with either of 
the others, tlie effect of reversion of stress, however, being 
provided for as specified for fixed spans. 

The only effect of wind load to be considered for the girders 
of Type No. 2 is that upon the ccmuecting links over the turn- 
table when the span is being rotated, for which case the 
amount of the wind load is to be taken at two hundred (200) 
pounds per lineal foot of span. 

In general, the specifications for the detailing of fixed plate- 
girder spans are to govern the designing of plate-girder draw- 
spans, except as hereinafter stated. 

In deck, plate-girder draw-spaus the girders are to be spaced 
the same distance apart as specified for fixed plate-girder 
spans of one half the length. For half-through, plate-girder, 
draw-spans the girders may be spaced us closely as the pre- 
viously specified clearance requirements will permit. 

For deck-spans four points of support on the drum will suf- 
fice, but for half-through spans eight poiuts will be required. 
The diameter of the drum is to be made as small as practicable, 
but never less than eight (8) feet; and the distribution of the 
load over the drum is to be uuiform. 

All girders are to be thoroughly stiffened at all points of 
bearing over the drum, and bearing-plates not less than one 
(1) inch in thickness are to be used between the drum and 
all girders bearing on same. 

For spans of Type 1, when the length over all exceeds 
ninety (90) or at the utmost one hundred (100) feet, it will be 
necessary to splice the main girders in the field. These splices 
must be thoroughly made, shingle or staggered splices onl}' 
being allowed; and there must be a twenty-five (25) per cent 
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excess of strength iu the details at all points thus spliced, as 
previously specified for fixed plate-girder spans. 

Rigid bracing- frames are to be used between main girders 
of deck-spans at the points where the main girders bear on the 
drum; and heavy, rigid, plate cross-girders resting on the 
drum are to be used for half -through spans. 

End lifts must be provided for draw -spans of Type Ko. 1, 
as hereinafter specified for truss-span drawbridges. 

For spans of Type No. 2 the centre panel is to be made with 
pin connections, the bottom-chord pins resting in pedestals, 
which furnish proper bearings on the drum. The top-chord 
tension Is to be taken up by eye-bars, which serve as toggles 
for raising the ends of span. These toggles are to be worked 
by a screw at centre of span. 

The compression in bottom flanges of girders, due to dead 
load when the span is swung, is to be taken up by struts 
hinged on the bottom-chord pins. 

The eye-bars of the top chords must have slotted eyes, so ns 
to make sure that each half of the girder will act as a simple 
span when the live load is applied. 

Proper shoes must be provided at ends of span, with 
grooves into which the sole-plates on ends of girdera are 
loweied into place. These grooves should be deep enough to 
hold the ends of the girders securely, and the toggle at the 
centre must provide enough lift to clear the ends properly for 
turning. 

All track-rails, guard-rails, and stringers must be discon- 
tinuous in the centre panel so that the toggle will be free to 
act. 

The ends of each pair of girders over the drum must be 
thoroughly braced together. 

The end lifting arrangement of these spans demands the 
most accurate shop-work ; and in every case the whole span 
must be assembled in the shops, so that the lifting machinery 
can be thoroughly tested before being shipped. 
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BETAIIiB OF DESIGN FOB TBIJB8E8. 

The details of trusses for dniw-spans shall comply in 
genenil with the specificHtions given for trusses of fixed spans. 

Id trusses having broken top chords, that portion of said 
top chords between outer and inner hips is to be made of rigid 
members, and that portion between the inner hips and over 
the tower is to be made of eye- bars. 

In pin-connected trusses with parallel chords rigid mem- 
bers will be required throughout the top chord, except for the 
centre panel, in which eye-ba>*s are to be used. In riveted 
trusses stiff top chords from end to end of span are to be 
adopted. 

The bottom chords are to be of rigid sections throughout 
for all spans ; and for spans over three hundred (800) feet in 
length provision must be made near the panel points at feet 
of tower-posts for adjusting, by means of shimming-plates, 
the height of the ends of the trusses. These shimming-plates 
must provide an end, vertical adjustment of one (1) inch for 
each one hundred (100) feet of length of one arm of draw. 
For spans shorter than three hundred (300) feet shimming- 
plates beneath the end bearings will give sufficient adjust- 
ment. 

Rigid portal-bracing must be used between the two in- 
clined posts at both the inner and the outer hips. These 
portals are to be carried down as low as the specified clearance 
over tracks will permit. 

In heavy spans the portal-bracing must attach to the upper 
and lower flanges of inclined posts, instead of lying in the 
gnivity-planes of same. 

The tower must be rigidly braced in all four faces. In the 
transverse planes all the diagonals and horizontal struts 
must, generally, be made of stiff members of box or I sections, 
so as to take hold of the exterior of the posts ; and this sway- 
bracing must be carried down as low as the specified clearance 
will permit, so as to hold the tower-posts firmly to place and 
line. 

In the planes of the trusses the diagonals are to be made of 
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adjustuble rods of ample section to provide for any possible 
unequal vertical wiud-pressure wlien tlie span is open ; and 
the liorizontal struts of box or I sections are to be rigidly at- 
tached to the columns by large plates, to which the clevises of 
the adjustable rods attach by means of pins. 

A pair of adjustable diagonal rods or rigid struts roust be 
used in the horizontal plane of each vertical panel of tower- 
bracing, so as to ensure the permanent rectangularity of the 
section of the tower. 

All splices in top and bottom chords, inclined posts, and 
tower-posts are to be full splices, so as to develop the full 
strength of the section, even if the computed stresses do not 
demand such a strength of detail. 

The upper lateral system between the inner and the outer 
hips is to be made of rigid diagonals, capable of taking both 
tension and compression, and transverse struts of I section, 
that take firm hold of the upper and lower flanges of the top 
chords. From inner hip to inner hip the diagonals are to be 
of adjustable rods ; but, as before stated, the rods are to be 
omitted from the panels next to the hips, so as to ensure a 
proper travel of the wind-loads to the pivot- pier. 

The transverse sway-bracing between trusses is to be made 
entirely of rigid members, and is to be carried down as low as 
clearance requirements will permit. In long spans the lower 
hodzontal struts of the vertical sway-bracing must take hold 
of the vertical posts at the flanges of same, so as to hold the 
said posts firmly in position. 

BSSTAIIjB OS* BBUM AND TdBNTABIiS. 

The drum must be strong enough to distribute the total load 
from the span properly over the rollers. In general, it should 
be made, within reasonable limits, as deep as possible, for the 
cost for the extra depth will be more than offset by the saving 
in height of pivot-pier. 

The bending moment on the drum is to be computed by the 
compromise formula, 

M= in 
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where M — bending moment in foot-pounds, IT = greatest 
load in pounds on one point of bearing on drum, and I = dis- 
tance in feet between points of bearing. 

The drum is to be designed according to the specifiditions 
for ordinary plate girders. The web thereof shall have 
stiffeners on both sides at all points of concentration. These 
stiffeners must hare perfect contact with the top and bottom 
flanges. The section required for these stiffeners is to be de- 
termined by considering the entire concentration on one point 
of bearing to be carried by the said stiffeners, which act as a 
column, fixed at both ends, with an unsupported length equal 
to the depth of drum. Stiffeners. each consisting of two 
angles, placed on opposite sides of the web must be used at 
intermediate points at distances not exceeding either the depth 
of web or three (3) feet six (6) inches. 

Brackets to support the pinions gearing into the rack are to 
be provided on the drum. They shall be built of rolled-steel 
sections, and made amply strong in all directions and iu every 
particular so as to resist the greatest thrust, wrenching, or 
torsion that can possibly come from the shaft. In no case are 
these brackets to be made of castings. The use of turned bolts 
for attaching the brackets to the drum will not be permitted 
where it is possible to drive rivels, as such bolts do not afford 
sufficient rigidity to prevent the connections from working 
loose sooner or later. The splices in the web and flauges of 
drum must be such as to develop the full strength of same ; 
and the abutting ends of web and flanges must be planed 
smooth, and have continuous contact. 

The drum must be made perfectly round, so that the centre 
line of web at any height will conform to the circumference of 
a circle; and, to preserve this form and brace the drum thor- 
oughly, rigid radial struts are to be ruu from the centre cast- 
ing to the drum, taking hold of the latter at each point of 
concentrated loading, and at intermediate points when the 
bearings are spaced more than eight (8) feet between centres. 
These radial struts must be made of four angles with solid 
webs or angle lacing. At the centre they are to be riveted to 
ciraular plates fitting closely around the centre casting, thus 
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anchoring the drum firmly to the latter. Oil-grooves must be 
provided where these plates bear on the centre casting. Fill- 
ers are to be used beneath all stiffeners on drum. 

The drum must be assembled and the bottom must then be 
planed smooth so as to provide an even bearing for the upper 
track. If it is not practicable to plane the entire drum at 
once, then each segment thereof is to be planed separately ; 
but in this case the greatest care is to be taken to make the 
ivssembled parts form a perfect whole. 

The least thickness of metal to be used for bottom flanges of 
drum shall be three quarters (f ) of an inch, so as to provide 
ample metal for planing oft the bottom, and that for the web 
and top flanges one-half (^) inch. 

The upper track shall be made of segments of sufliclent 
thickness to distribute the load properly between the rollers 
and the drum. The top face of this track shall be planed 
smooth so as to form close contact with the bottom flange of 
the drum, and the lower face shall be planed conical so as to 
fit closely to the conical rollers. All joints between segments 
are to be planed smooth and to such bevel as to ensure perfect 
contact with each other. These track segments are to be riv- 
eted or bolted to the bottom flanges of the drum with fifteen- 
sixteenths ({i) inch rivets or bolts» placed opposite, and spaced 
not to exceed fifteen (15) inches between centres. The heads 
of these bolts or rivets are to be countersunk in the track on 
the side next to the rollers. 

No rust-cement or any other composition is to be used be- 
tween the track and the drum. 

The lower track is to made strong enough to distribute the 
load from the rollers uniformly over the masonry. The bend- 
ing moment on the lower track is to be found by the formula 

where M = greatest bending on lower track, W = total load 
ou one roller, and I = distance from centre to centre o'f adja- 
cent rollers, measured on the centre line of the track. 
The greatest allowable tensile stress on the extreme fibre for. 
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cast-Steel track siiall not exceed eight thousand (8,000) pouuds 
per square inch, when the eifect of impact is included. The 
lower track shall be made in segments from six (6) to eight (8) 
feet in length. All abutting ends of lower-track segments are 
to be planed smooth, are to have close contact throughout, 
and are to be bolted together by two bolts passing through 
holes in lugs cast thereon. These bolts are to be at least fif- 
teen sixteenths (|{) of an inch in diameter. 

In no case shall the upper track be less than two and one- 
quarter (2^) inches, or the lower track less than two and oue- 
half (2^) inches thick, measuring on the central cylindrical 
surface of the drum. 

The lower truck shall be anchored to the top of the pivot- 
pier with bolts not less than one (1) inch in diameter, nor less 
than fifteen (15) inches long, set in place with Portland cement 
grouting. These bolts are to be made of soft sieel, with cold- 
pressed threads and hexagonal nuts at top, and with split ends 
and wedges at the bottom. They are to be placed in pairs 
opposite on the inside and outside of the track, and are to be 
spaced not to exceed eighteen (18) inches between centres. 

The top of the pier is to be levelled off with neat, Portland- 
cement mortar, and the lower track is to be set in same. It 
shall be made one and one-half (1^) or two (2) inches higher in 
the centre than at the edge, so that the water will drain toward 
the latter. A small gutter or depression in the top of the pier 
is to be made just inside of the lower track, and at the bottom 
of this depression drain-holes are to be put in, leading the 
water from the gutter down on the outside of the pier. These 
drain-holes are to be at least two (2) inches in diameter; and 
the tops are to be protected with screens, so as to prevent 
choking. They are to be spaced not to exceed ten (10) feet 
between centres. 

The rollers shall be of cast steel, and are to be made solid, 
excepting only the centre hole and four or more radial holes 
that are left in the casting for the double purpose of reducing 
the weight and facilitating a rapid and uniform cooling, the 
said holes varying in size and number with the diameter of the 
roller. 
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The following formulae shall be used in proportioning 

rollers : 

For greatest total loads, including impact, with draw at 

rest, 

p = mM; 

for loads with draw in motion, 

p = 20(W, 

where p is the permissible pressure in pounds per lineal inch 
of roller, and d is its mean diameter in inches. 

In no case shall the roller be less than twelve (12) inches in 
diameter and seven (7) inches on face. 

All rollers, and the faces of the upper and lower tracks 
which are in contact with the rollers, are to be turned smooth 
to the forms of right frustums of cones, the vertices of which 
intersect at the centre of the drum, so that the rollers will 
have perfect contact with the tracks throughout their travel 
around the entire circumference. 

A bearing is to be turned in the centre of each roller for the 
radial rod, and oil-holes are to be provided on both the interior 
and the exterior ends of the rollers, so that these bearings can 
be kept well lubricated. 

The outer ends of the radial rods are to pass through the 
rollers, and the inner ends are to attach to a circular plate 
fitting closely around the centre casting. These radial rods 
are to be pr-ovided with either turnbuckles or nuts for adjust- 
ing the position of the rollers. Only square sections are to be 
used for the rods, and each must contain at least one square 
Inch of section. The end of the rod passing through the roller 
must be upset so as to provide a turned shaft for the latter at 
least one and one- half (1^) inches in diameter. The outer ends 
of these rods are to pass through a stiff steel ring of rolled or 
built channel section, which is to serve as a spacer for the 
rollers. These channels must be made wide, but not deep, 
and their section is to be commensurate with the size of the 
turntable. They are to be held away from the rollers by 
friction -washers on the rods. 

On the inside of the rollers collars are to be forged and 
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turned on the radial rods to hold the said rollers in exact 
position on same. Turned bosses must be provided on both 
the inner and the outer ends of the rollers, to bear against the 
collars and the friction- washers. 

An inner spacing-ring, of size commensurate with the mag- 
nitude of the drum, is to be attached to the radial rods. For 
large drums this should be in the form of a small curved 
plate girder lying in a horizontal plane and rigidly braced to 
the centre casting by radial struts that are riveted at the outer 
ends to the curved girder and at the inner ends to a large 
circular plate which fits snugly around a turned bearing on 
the centre casting. With this detail the radial rods are to be 
dispensed with, and in their stead are to be substituted heavy 
square bars, having their outer ends detailed as described for 
the radial rods, and their inner ends attached to the circular 
girder so as to hold the bars in a position exactly radial to the 
drum. These bars should not be less than two and a half (2^) 
inches square, and the journals should not be less than three 
(8) inches in diameter. There must be nuts at both ends of 
the bars so as to move the rollers in a radial direction, and the 
inner ends of the bars are to be so attached to the circular 
plate as to permit of the correction of any slight variation of 
their axes from a truly radial direction. 

The centre casting must be made strong and heavy, and 
must be effectively anchored to the top of pier by eight (8) or 
more anchor-bolts not less than one and one-fourth (1^) inches 
in diameter and not less than three (3) feet long. These 
bolts are to be made of soft steel, with cold-pressed threads 
and hexagonal nuts at top, and with split ends and wedges at 
bottom. The least allowable thickness of metal for this cast- 
ing shall be one and one-half (1|) iDches. The bnse shall be 
true and level: and an even bearing shall be secured by bed- 
ding in neat, PortlaDd-cement mortar. For heavy draws this 
centre casting is to be set well into the masonry, then grouted 
in place. 

All bearings for plates which rotate on this casting are to be 
turned smooth, and are to be provided with suitable oil- 
grooves, so they can be easily oiled. 
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Spans resting on drums of small diameter in proportion to 
the span lengtli arc to be anchored to the pivot-pier by means 
of a large iinchor-rod in centre of pier, extending down ten 
(10) or fifteen (15) feet into same. This rod shall pass through 
the oentre casting and through a box girder over the centre of 
the drum, which girder shall rivet into either the transverse or 
the longitudinal girders. The lower end of the rod shall pass 
through a heavy cast-iron anchor-piece embedded in the con- 
crete of the pier. Both ends of tlie rod shall be provided 
with nuts for adjustment, and all details shall be made strong 
enough to develop the full strength of the anchor-rod. The 
upper nut shall be almost, but not quite, in contact with a 
large washer ^plate that rests on the box girder. The size of 
the anchor*rod is to be determined by assuming an unbal- 
anced upward wind load of five (5) pounds per square foot on 
the total area of the horizontal projection of one arm of the 
span. 

The cap-plate for holding down the top connection-plate for 
the radial struts is to be attached to the top of the centre cast- 
ing by means of a bolt tapped into same. This bolt is to be 
at least one and one-quarter (1^) inches in diameter. 

The rack for turning the span is to be made in short sec- 
tions, not over four feet long, so that in case of breakage only 
a small portion of the i-ack need be replaced. These rack 
segments are to be bolted to the lower track with tap-bolts not 
less than fifteen sixteenths (^f ) of an inch in diameter, and 
spaced not to exceed fifteen (15) inches between centres. 
There must be enough of them in any case in any one seg- 
ment of the track to resist, with a good margin for contin- 
gencies, the entire shear (including that due to the rotating 
moment) caused by the effort of the pinion or pinions that 
engage with said segment. The least allowable thickness of 
metal in the rack shall be one and one-eighth (1^) inches. 
The ends of the rack segments are to be planed so as to secure 
close contact, and the abutting ends are to be bolted together 
with turned bolts at least seven eighths (|) of an inch in 
diameter. 

The bottom of the rack and that portion of lower track 
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upon which the rack bears are to be planed smooth. The 
width of the base of the rack shall be at least two thirds (f ) of 
its height; and ribs bracing the vertical portion to the base 
shall be provided at distances not exceeding eighteen (18) 
inches. 

Drainage-holes not less than three fourths (}) of an inch in 
diameter, spaced not more than two (2) feet between centres, 
shall be bored in the lower- track segments, starting just back 
of the rack and leading to the outside of the track. 

The girders over the drum shall be so aiTanged as to dis- 
tribute the load over it properly. The number of bearing 
points required will depend upon the length of span, the 
distance from centre to centre of trusses, the total load to be 
carried, and the economical size of pivot-pier. The arrange- 
ment of the supporting girders in turn depends upon the 
number of bearing points to be used. For ordinary single- 
track bridges up to three hundred (300) feet in length a very 
good arrangement of girders over drum is secured by making 
the diameter of the drum and the length of centre panel equal 
to the distance from centre to centre of trusses; then the mid- 
dle points of both the longitudinal and the transverse girders 
will be directly over the web of the drum, thus furnishing 
four points of bearing. Four more points of beadng are 
secured by putting in short diagonal girders, which connect to 
both transverse and longitudinal girders and bear on the drum 
at their centres. This arrangement gives in all eight (8) points 
of support. 

The longitudinal, transverse, and diagonal girders over the 
drum shall be so designed that their rigidities will be such that 
when deflected under the load the extreme fibre-stress will be 
about the same in all the said girders. 

The bottom-chord stresses in the centre panel can either be 
carried by the longitudinal girders, or the bottom chord sec- 
tions can be continued through the centre panel, the longitu- 
dinal girders being placed above them, and steel chairs being 
inserted beneath their centres to furnish bearings on the 
drum. In case that the bottom-chord stresses are carried by 
the longitudinal girders, ample provision must be made for 
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them, as well as for the bending stresses, in designing the 
sections for these girders. Where the clearance over tlie 
waterway will permit, metal can be saved by lett'ng tbe top 
flange of the longitudinal girder form the bottom chord of the 
truss. 

In any arrangement of girders over the drum, bearing-plates 
at least one (1) inch thick must be used between the top flange 
of the drum and the bottom flanges of the girders, in Order 
to make the points of concentration well defined, and so as to 
transmit the load properly from girders to drum. 

All girders bearing on the drum are to have stiffeners on 
both sides of their webs at all points of concentration; and in 
no case are tbe stiffeners to be crimped, but are to have fillers 
beneath. They must have close bearings at top and bottom 
flanges, and are to be proportioned in the same manner as 
previously specified for those on the drum. 

The rollers, tracks, drum, and girders over drum shall be 
completely assembled in the shop before shipment, all holes 
being reamed to fit and the sections being match-marked. 
Every roller must have a true bearing on both the upper and 
the lower tracks during a complete revolution of the draw. 

Before the assembling of the rollers is done there must be 
marked on both the upper and the lower track segments a 
circle of the same diameter, which circles will come a trifle 
inside of the exterior ends of all rollers; then, after the turn- 
table is perfectly adjusted, each roller is to be marked where 
these circles touch it. After the turntable is disconnected 
each roller is to be set up properly in a lathe, and the exterior 
periphery is to be chamfered off exactly to the points marked, 
so that when the turntable is set up in the field, if the exte- 
rior of each roller is brought exactly to the circles on the two 
tracks, the rollers will all be in their proper positions. These 
lines on the tracks will serve also afterwai*ds to line up the 
rollers whenever the turntable is to be adjusted. 
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MACHINSBY POB TUBNIITG THE SPAN AND LIPTLNG 

THE ENDS OF SAME 

POWKR. 

When a draw-span is to be opened frequently, some kind of 
mechanical power must be used. The kind of power best 
adapted to any particular span depends upon a number of 
conditiODs, more especially the location of the bridge. 

A gasoline-engine is an economic and convenient form of 
power for small spans which do not require more than twelve 
(12) or fifteen (15) horse-power to operate. 

Duplicate electric motors, where direct connections can be 
made with electric-light or street-railway power-plants, are 
very efficient, convenient, and reliable: but in no case is it 
safe to depend upon storage-batteries for power. The use of 
electric motive power is therefore confined to bridges located 
in or near towns or cities. 

Where over twelve (12) or fifteen (15) horse-power is re- 
quired for operating the spaus, and where electrical connec- 
tions cannot be made, the steam-engine is the best form of 
power to use, except possibly in some special cases where 
water-power can be had conveniently. 

Except in the case of short, light drawbridges, whenever 
mechanical power is employed it is necessary to apply the 
same to the rack by two pinions located diametrically opposite 
each other. If with this arrangement the tooth-pressure be 
still too high, it will be necessary to replace each pinion by a 
pair of pinions located as close together as practicable. With 
pinions located far apart some kind of an equalizer must be 
employed to divide the work equally between them, on ac- 
count of the unavoidable, slight irregularities in the tooth- 
spacing of the entire rack. When electrical power is adopted, 
the equalizing may be done by means of electrical connections 
between the duplicate motors ; but with any other power a 
mechanical equalizer between the two radial shafts must be 
employed. There will be no equalizing needed between the 
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two pinioDS of each pair, on account of their being placed so 
close together. 

With the equalizing arrangement just specified, it is legiti- 
mate to assume an equal division of work among all the 
pinions that engage the rack. 

No matter what mechanical power be used, all spans must 
be provided also with hand-operating machinery. 



MITTHOD OF DETEBMINING TOVTER BBQUIBirD FOB 
OFSBATINO THIS SPAN AJSTD LIFTHrO THB 1SND8. 

The power required for turning any span is to be determined 
by the following formula; 

where W = total load on rollers in pounds, and v = velocity 
on pitch-circle of rack in feet per second. The value of v is 
to be determined by the formula 

TtD 

" = IT' 

where D = diameter of pitch-circle of I'ack, and t = assumed 
time in seconds for turning the draw through one fourth (}) of 
a revolution. This method gives the power required uuder 
ordinary conditions; but it is always necessary to figure also 
the power required to open the span against an assumed un- 
balanced wiud-pressure. This is to be determined as follows: 

The unbalanced wind-pressure on one arm is to be taken at 
&Ye (5) pounds per square foot of the exposed surface of the 
floor and both trusses. 

Let P = total unbalanced wind load on one arm in pounds, 
and V = velocity of travel of its centre of pressure in feet per 
second; then 

(2) H.P. = ^. 
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Tbe value of « is ti> be determined by assumiDg a certaiu 
time i, in seconds, for turning the draw one fourth (|) of a 
revolution. Let I = distance in feet of the centre of pressure 
on one arm from the centre of the drum; then 

(3) . = g. 

For Mechanicalrpower Turning -machinery the greatest H.P. 
required is to be determined as follows: 

GcLse i. — (a) By Formula (1) determine the H.P. required 
for turning the span in the least time in which it is probable 
that the said span will ever ueed.to be opened. 

Case II. — {a) By Formula (I) determine the H.P. required 
for turning the span in twice the time assumed in Case I. (6) 
By Formula (2) determine the HP. required for operating 
the draw against the unbalanced wind load in twice the time 
assumed in Case I, and add together the two amounts of H.P. 
determined by (a) and (6). The sum will be the greatest H.P. 
required for Case II. 

The greatest pressure on the teeth and torsion on shafts 
found for these two cases are to be used, the metal being strained 
on the extreme fibre as hereinafter specified; but the said teeth 
and shafting must also be figured on the assumptions that the 
entire available capacity of the machinery is required merely 
to hold the draw from turning under an excessive unbalanced 
wind-pressure, and that under these conditions the metal is 
strained twice as high as hereinafter specified. 

For Hand 2 urning -machinery the H.P. required to turn 
the span in the least time in which it is probable that it will 
ever need to be opened by man-power is to be found by the 
formula previously specified; then the number of men re- 
quired to perform this work is to be determined by assuming 
that six (6) men are equivalent to one H.P. In proportioning 
all parts of the hand-operating machinery there shall be 
assumed on the levers as many men as are required by the 
above method, each man exerting a horizontal thrust of one 
hundred and twenty (120) pounds. Under such conditions the 



204 DB PONTIBUS. 

metal is to be strained the same as hereinafter specified for 
machinery operated by mechanical power under ordinary con- 
ditions. 

DETAHiS OF MACHINEBY. 
OPERATING MAOHINBBT. 

All gear-wheels are to be of cast steel with cut gears. To 
determine the size of any gear-wheel, the tooth-pressure on the 
pitch-circle is first to be found as follows : 

For gears moved by mechanical power only, 

where H.P, = horse-power to be transmitted by gear, t = ve- 
locity in feet per second at its pitch-circle, and P = tooth- 
pressure in pounds. 
For gears moved by hand- power, 

P = 120iOf, 

where iV= number of men, M= multiple of lever over gear 
under consideration, and P = tooth-pressure. 

Having thus determined the tooth- pressure, the pitch can be 
found by the following formula : 



p = .025 ViP, 

for gears in which the face is equal to 2| times the pitch, 
where j9 = pitch, and P= total tooth-pressure. 

This allows an extreme fibre-stress on the teeth of eight 
thousand (8,000) pounds per square inch, which is to be the 
standard intensity for all teeth under ordinary conditions of 
operation. Bevel-gears are to be considered as only three 
fourths (}) as strong ns spur-gears of the same pitch and face. 
The use of bevel-gears with very thin teeth will not be allowed, 
even though they be of standard pattern ; but special bevel- 
gears with thicker teeth than usual will have to be manufac- 
tured. 
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All gears are to be key-seated and finished in accordance 
with the practice of the best machine-shops. All pinions 
gearing into the rack and into the large spur-wheels are to be 
shrouded on top, and the extra strength obtained by this 
shrouding is not to be counted upon in proportioning the size 
of the teeth of the pinion. 

All shafting is to be of cold-rolled steel, and is to be provided 
with couplings, collars, and keys for gears. 

All couplings must be strong enough to develop the full 
strength of the shafting, and must be keyed to the same, 
flange-couplings being preferred. All couplings are to be 
placed as near the bearings as practicable. 

Suitable collars are to be used wherever they are necessary 
to hold the shafting from moving longitudinally. 

The greatest allowable length of any shaft between centres 
of bearings is to be determined by the formula 

X = 75 f ^ 

where L = the unsupported length in inches, and d =: diameter 
of shaft in inches. 

The diameter required for any shaft is to be determined by 
the following formula: 



= 4V^. 



where d = diameter required, R.P. = the horse-power to be 
transmitted, and iy= the number of revolutions per minute. 
This will allow for all bending that will come on any well- 
designed and properly supported shaft under ordinary con- 
ditions, and provides for an extreme fibre-stress of about 
twelve thousand (12,000) pounds per square inch, under the 
assumption that the twisting moment and the bending moment 
are about equal. 

Every shaft, however, after being designed by the preceding 
formula must be checked as follows, and if found weak 
must be properly strengthened either by increasing the 
diameter or by reducing the lever arm or arms of the bending 
moment. 
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First, find the twisting moment and the bending moment 
(including that caused by the weight of the shaft itself) by 
computing the tooth-pressure, which is the force producing 
directly these moments, calling the twisting moment T and 
the bending moment M. The equivalent twisting moment 
for a combination of these two moments is given by the 
equation 

r = Jf + 4/itf» -f T\ 

where T* is the equivalent twisting moment. 

The corresponding extreme fibre-stress is to be found by the 
equation 



/=5.1^., 



where d is the diameter of the shaft, and / is the extreme 
fibre-stress. This should never exceed twelve thousand 
(12,000) pounds per square inch for all ordinary conditions of 
operation, or twenty-four thousand (24,000) pounds per 
square inch for the unusual conditions of the machinery 
stalled by tbe unbalanced wind-pressure when working at its 
utmost capacity. 

In no case is any shaft of less than two and one-quarter (2}-) 
inches in diameter to be used for any part of the machinery of 
draw-spaus. 

Suitable cast-iron boxes are to be provided for all bearings. 
All boxes, bearings, couplings, collars, etc., are to be made in 
accordance with the best machine-shop practice. The boxes 
for the line of shufting running to ends of span are to have 
wooden shims beneath them so that the shaft can be aligned 
perfectly after the span is swung. 

The hand-power turning-machinery is to be so arranged 
that the levers can be conveniently applied to shafts near the 
centre of span for both the turning and the end* lifting 
machinery. Shafts must also be provided for applying the 
hand-power levers to the end-lifting machinery at each end 
of the span. Suitable hand-levers are to be provided for as 
many men as are required for operating the draw. These 
levers are to be constructed entirely of steel, excepting only 
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the small wooden quarter-rounds at the ends by which the 
men take hold. 

All machinery shall be so arranged that the spao can bo 
turned complete!}' around in either direction, and so that it is 
revereible in every particular. 

END-LIFTING APPARATUS. 

The ends are to be lifted und loclced by means of a toggle 
mechanism to be operated by screws at each end of the span. 
The entire machinery is to be made strong enough, with the 
previously specified intensities of working-stresses, to exert an 
upward force on each end of each truss equal to the assumed 
uplift in case of mechanical power ; or to transmit to the end 
rollers the greatest force that the men can exert on the hand 
levers, assuming that ns many men will be applied thereto as 
are required for the turning-machinery, and that each man 
exerts a horizontal thi-ust of one hundred and twenty (120) 
pounds, straining the metal the same as in the case where 
the power is mechanical. 

In case of mechanical power, all the teeth and shafting must 
also be figured on the assumption that the entiie available 
capacity of the machinery is required merely to stiirt motion, 
and that under this condition the metal is strained twice as 
high as herein specified. 

The size of screw required is to be determined by the 
following formula : 

d = .02/P, 

where d = diameter of screw at base of threads, and P = 
axial pressure on screw. 

The axial pressure is to be determined for the two following 
cases, the greater pressure thus found being adopted: 

GaseL— 



P = 



h 



where i?=: total assumed upward reaction at one end of span, 
A' = greatest rise of ends when end lifts are applied, and 
"% = travel of nut on screw necessary to produce the rise /*'. 
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The factor two (2) Is used to allow one hundred (100) per 
cent for friction. 
Case II. — 

P = 80 JOT, 

where M = the number of pounds pressure the screw will 
exert for one pound applied on the lever, and N = number 
of men on said lever. By using eighty (80) instead of one 
hundred and twenty (120) in the above formula, there is made 
an allowance of thirty-three and a third (38^) per cent for 
friction, which is certainly lower than it will ever be under 
ordinary working conditions. 

Assuming the coeflicient of friction low in this case makes 
an error on the side of safety. 

For all ordinary conditions, Case II will give the greater 
value for P. The threads are to be standard square threads, 
and the nuts which work on them are to be made long enough 
to keep the greatest working unit pressure on said threads 
down to five hundred (500) pounds per square inch. 

All links used in the toggle mechanism are to be propor- 
tioned by the formula 

1?= 10,000 -^52^, 

where I = greatest unsupported distance between fillers, ex- 
cept in links in which only one filler is used between two fiats, 
when it is to be taken as the entire distance from centre to 
centre of end- pins, / = thickness of each link, and p = the in- 
tensity of working compressive stress. 

In no case is the diameter of any pin used in a toggle to be 
less than two and a half (2|) inches. 

Rail lifts are to be provided in connection with the end* 
lifting toggle, and the mechanism therefor is to be so designed 
that the rails will not begin to rise until the end rollers have 
been drawn from their bearings on the end shoes. The rails 
shall be lifted so as to clear by one (1) inch all parts over 
which they must pass in turning, under the assumption that 
the temperature of the top chords is higher by thirty (30) de- 
grees Fahrenheit than that of the bottom chords. 
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Suitable guide-chairs for the mils near the ends of the span 
are to be provided beneath the same ou at least fifteen (15) 
ties from each end of the span. These chairs must be either 
spiked or bolted to the ties, and must hold the rails firmly in 
place. Guide-rods such as are employed in ordinary switch- 
work are to be used every six feet between the portions of the 
rails resting in the guide-chairs. 

The strength of all parts of the rail-lifting machinery is to 
be determined by computing the force necessary to deflect the 
two rails the required amount in a distance of twenty (20) 
feet, and adding fifty (50) per cent thereto for friction. 

If considered necessary for any particular span, latches are 
to be provided for holding the ends in place ; but under ordi- 
nary conditions the track-rails and the end rollers are all that 
will be required. 

In double-track drawbridges special attention must be paid 
to the designing of not only the lifting-gear, but also the trusses 
themselves, in order to ensure that, under the most unfavor- 
able circumstances possible, there shall be no lifting of the 
ends of trusses off their supports. If such a lifting were pos- 
sible, the result would certainly be the derailment of an enter- 
ing train, and consequently disaster to the span. To prevent 
such uplifting the trusses must be deep and very rigid, and 
the lift of the ends must be from one (1) to two (2) inches, ac- 
cording to the length of the span. 

SHOES AND BKD-BBABING ROLLBBS. 

Boilers are to be provided beneath the end-pins of trusses 
and attached to the span by means of links which form a part 
of the toggle. The rollers must be bored so as to fit over the 
pins at the bottom of the links. Both the pins and the inside 
of the rollers must be finished very smooth; and provision 
must be made for oiling the bearings between them. The 
allowable intensity for bearing between rollers and pins shall 
be ten thousand (10,000) pounds per square inch of horizontal 
projection of pin inside of the roller. 

No roller shall be less than six (6) inches in diameter, and 
the pins inside of same shall not be less than three and seven- 
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sixteentiis (3^) inches net iu diameter. The play between 
rollers and their pins shall not be oTer one thirty-second (^) 
of an inch. The links forming the support for the ends of 
trusses are to be proportioned by the formola 

p = 10,000 - 300^, 

where p = intensity of working compressive stress, I = 
greatest unsupported length of one link, and t =■ thickness of 
same. 

In all drawbridges where, on account of infrequent opera- 
tion combined with great changes in temperature and great 
length of arms, there is a tendency to drag the rollers longi- 
tudinally on their bearings, the detailing of the link supports 
must be such as to provide sufficient rigidity to overcome the 
friction of the rollers on their bearings, and thus permit the 
lifting apparatus to accommodate itself to extreme changes of 
temperature without overstraining any of its parts. 

The bearings for rollers on the shoes shall be cupped one- 
eighth (|) inch or more in depth so as to provide ample 
bearing area, using an intensity of ten thousand (10,000) 
pounds, impact being included in the calculated load. The 
shoes to receive the end rollers may be made of either cast or 
stnictural steel, and are to be anchored firmly to the masonry. 
The two shoes at one end of span are to be connected to each 
other by means of adjustable rods not less than one and one- 
half (1^) inches in diameter, and strong enough to take up the 
entire thrust from the toggle. 

Shimming-plates varying in thickness from one fourth (iy 
to one half (i) of an inch and of a total depth of not less than 
three (3) inches are to be used beneath the shoes so as to pro- 
vide adjustment for the ends of the span. 

Shoulders must be provided on the sboes to furnish a bear- 
iiig for the rollers when they are lowered by the toggle. £ach 
shoulder must be turned so as to fit the roller exactly, when 
the axis of the pin through the said roller is in the vertical 
plane of the truss. The height of these shoulders above the 
bottom of the rollers shall be about one third of the diameter 
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of said rollers, but never enough to involve the possibility of 
collision with the draw-span during its revolution and when 
the top chords thereof are thirty (30) degrees Fahrenheit 
wanner than the bottom chords. 

All parts of the end-lifting machinery niust be finished in 
accordance with the best machine-shop practice, and all 
sliding surfaces shall be provided with oil-holes that are easily 
accessible. 

In all cases end floor-beams with double webs shall be 
used, in order to provide proper support for the end-lifting 
machinery. 

Whenever spans are to be floored for highway traffic, all 
keyholes for applying hand-levers are to be provided with 
suitable cast-iron caps. 

Whenever practicable, the end-lifting toggle machinery is 
to be assembled in the shops to make sure that it will work 
satisfactorily. 

HOnSHS AND SUFFOBTS. 

Wherever mechanical power of any kind is to be used for 
operating any draw-span, a suitable house is to be provided 
for same. The size of the house required will depend upon 
the kind of power to be used, and the amount thereof. All 
parts of the house shall be durable and strong, and shall be 
finished in a first-class and workmanlike manner. A sufficient 
number of windows is to be put in to light properly all parts 
of the building. The house shall be placed high enough in 
the tower to give the required clearauce beneath its supports, 
and, where shallow trusses are used, it shall be placed entirely 
above the span. The supports for the house shall be designed 
to carry the weight of the latter and that of all machinery to 
be placed therein, together with a proper allowance for live 
load. In general, steel beams shall be used for the joists sup- 
porting the floor, and all parts of the latter shall be made 
strong enough to cany three hundred and fifty (360) pounds 
per square foo*. 

The weight of the house and its machinery must always be 
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considered in proportioning all parts of the structure which 
will be affected by these loads, whether the span is to be pro- 
vided with mechanical power at first or not, as It may become 
necessary later on to put it in. The wind load on the house 
must also be considered in proportioning the tower posts and 
all bracing between them. 

CAMBEB All^D DEFIJBCTION. 

The lengths of all truss members shall be such that when 
the assumed uplift is applied at the ends of the span, and 
when the greatest live load is on the structure, the centre lines 
of the bottom chords from end to end of span will lie in a 
horizontal plane. The vertical movement of the ends, from 
the condition of no stress in the chords, when the weight of 
the finished span is supported on the falsework, to the condl 
don of the span swung, must be very carefully figured, a3 
upon this will depend the camber increments or decrements in 
lengths of members, the clearances, adjustments, etc. 



CHAPTER XVI. 

GENERAL SPECIFICATIONS GOVERNINa THE DESIGNING QF 
STEEL HIGHWAY BRIDGES AND VIADUCTS. 

aEinDBAIi DSSOBIFTION. 
CLASSIFICATION. 

Highway bridges shall be divided into three classes, viz., 
Class A, which includes those that are subject to the continued 
application of heavy loads ; Class B, which includes those 
that are subject to the occasional application of heavy loads ; 
and Class C, which includes those for ordinary, light traffic. 

In general it may be stated that bridges of Class A are for 
densely populated cities ; those of Class B for smaller cities 
and mauufacturlDg districts ; and those of Class C for country 
roads. 

MAIVRIALS. 

All parts of the structure, excepting the flooring or pavings 
shall, for all spans of ordinary lengths, be of medium steel, 
excepting only that rivets and bolts are to be of soft steel, and 
adjustable members of either soft steel or wrought iron. For 
very long spans high steel may be used for top chords, in- 
clined end posts, pins, and eye-bars in bottom chords and in 
main diagonals of panels where there is no reversion of stress 
when impact is included. Cast iron will not be allowed to be 
used in the superstructure of any highway bridge or trestle, 
except for purely ornamental work, cast steel being employed 
wherever important castings are necessary. 

dl3 



214 DE PONTIBUS. 



JOISTS, PLANKS, OUAitD-TIMBBRS, AND WOODEN HAND-RAILS. 

Joists, planks, guard-rails, hand-rails, and all other timber 
portions of the structure shall be of long-leaf, Southern, yellow 
pine, or other timber which, in the opinion of the Engineer, is 
equally good and serviceable. 

The sizes of the timber joists shall be such as to give the 
requisite resistance to bending, the effect of impact being con- 
sidered ; but no joist shall be less than three (3) inches wide 
or twelve (12) inches deep. 

As a rule the depth of a joist shall not exceed four (4) times 
its width. Otherwise, the joists shall be properly bridged at 
distances not exceeding eight (8) feet. 

They shall be proportioned by the formula 

o 

where M is the greatest bending moment in inch-pounds upon 
a joist, R is the intensity of working-stress in pounds, b the 
width of the joist in inches, and d the depth of same in 
inches. 

Joists shall be dapped at least one-half (i) inch upon their 
bearings, and shall have their tops brought to exact level 
before the planks are laid thereon. 

They shall be spaced not to exceed two (2) feet between 
centres; shall, preferably, lap by each other so as to extend 
over the full width of the floor-beam ; and shall be separated 
half an inch, so as to permit the circulation of air. The out- 
side joists, however, shall abut so as to provide flush surfaces 
from end to end of span. 

Floor-planks for the main roadway shall be at least three (3) 
inches thick and from eight (8) to ten (10) inches wide, and 
shall be laid with one-quarter (J) inch openings. Each plank 
shall be spiked to each joist on which it rests by two (2) seven 
(7) inch cut spikes, the holes for which shall be bored* in order 
to avoid splitting the timber, or else by two (2) seven (7) inch, 
wu'e nails. 
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Whenever a weariug-floor is used, the lower planks must he 
planed on the upper side and sized to a uniform thickness, 
and the weariog-floor must he planed on the lower side so as 
to ensure a perfect bearing between upper and lower floors. 

Floor-planks for foot walks shall be at least two (2) inches 
thick and not much more or less than six (6) inches wide, and 
shall be laid with one-half (i) inch openings. Each of said 
planks shall be spiked to each joist upon which it rests by 
two (2) SIX (6) inch cut spikes, the holes for same being bored. 

All planks shall be laid with the heart side down. 

There shall be a wheel-guard of a scantling not less than 
four (4) inches by six (6) inches on each aide of the roadway to 
prevent wheel hubs from striking the trusses. It is to be laid 
on its flat, and blocked up from the floor by shims at least one 
(1) foot long, six (6) inches wide, and two (2) inches thick^ 
spaced not more than seven (7) feet between centres, each 
shim being spiked to the floor by four (4) four-and-a-half (45) 
inch cut spikes. The guard-rails are to be bolted to the floor 
through the centre of each shim by a three-quarter (f ) inch 
bolt, which must also pass through the joist beneath. When 
the guard-rails are bolted to the wooden hand-rail posts, the 
bolt-heads are to be countersunk iDto the guard-rail, so as to 
make a flush surface on the inner face of same. The joints 
in the guard-rail are to be lap-joints, at least six (6) inches 
long, each located symmetrically over the middle of a sbim. 
When a bridge is on a heavy grade, the inner, upper cornel's 
of the guard-rails are to be covered with steel angles fastened 
to the timber by countersunk screws, spaced about eighteen 
(18) inches apart, so as to protect the guard-rails from the 
injurious effects of using them instead of wheel-bi-akes for 
heavily-loaded wagons. 

When wooden hand-rails are employed, they are to be made 
of pine, the posts being 4" X 6" X 4' 6" to 5', with two (2) 
runs of 2" X 6" timbers— one on its flat and the other below 
on edge to support the first for a band-rail — and one (1) run of 
2" X 12" hub-plank. 

The posts are to be spaced not to exceed ten (10) or, prefer- 
ably, eight (8) feet apart. The hand-railing is to be firmly 
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attached to the hridge, and rigidly braced. When the rigidity 
of a hand-railiog is dependent upon that of the outer joists, 
the latter must be properiy bridged and stiffened. Any other 
wooden hand-railing of equal strength and rigidity, and which 
is satisfaetory to the Engineer, will, however, be accepted. 

When iron hand-railing is employed, it is to be of a firm, 
substantial pattei-n, pleasing to the eye, and rigidly attached to 
the trusses or floor-beams. Both through and deck bridges are 
to be provided with a hand-rail on each side, not less thau 
three and a half (8^) feet high above the floor. In case there 
be any liability of a horse jumping over this railing, its height 
must be increased to four and a half (4^) or five (5) feet. 
There must be a hand*rail ou the outside of each sidewall^, 
not less than three and a half (3^) feet in height above the 
floor. 

FLOORING ON APPROACHES. 

All floor*timbers, guards, and railiugs shall extend over all 
piers and abutments, and make suitable connection with the 
embankments at the ends of the structure. Aprous or cover- 
joints of steel plate shall be provided at the ends of spans, if 
required. The floors of the sidewalks shall extend, to and con- 
nect with the floor of the main roadway, so as to leave no open 
space between them. 

BTREET-RAILROAD TRACES. 

Should there be one or more street-railroad tracks crossing 
the bridge, there must be directly under each rail a joist or 
stringer, properly proportioned to resist the effect of the total 
maximum load on the rail ; and the bending effect of the 
concentrated loads upon the floor -beams must be duly con- 
sidered. 

The rails shall be so laid as to offer as little obstruction as 
possible to the wheels of vehicles. 

PAVED FLOORS. 

Where paved floors are adopted, the pavement shall be of 
the best of its kind, and shall be built according to the latest 
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and most approved specificaticMis. Paved floors are always to 
be supported by steel stringers, preferably of rolled I beams, 
spaced generally not to exceed three (8) feet six (6) inches be- 
tween centres. For asphalt or stone-block pavements, a 
bnckled-plate floor, with concrete thereon, shall be used. The 
surface of the pavement must be thoroughly drained so as not 
to retain water, and the upper surface of the buckled plate, 
before it is covered with the concrete, must be protected from 
rusting by a liberal use of the best obtainable preservative 
coating. 

When wooden-block paving is adopted, it may rest on a 
timber floor from four (4) to Ave (5) inches thick, which in 
turn rests on and is spiked to timber shims that are bolted ef- 
fectively to the steel stringers. 

All paved floors must be pitched so as to drain transversely 
to the structure; but plank floors need not be pitched, as the 
water will drain through the quarter-inch openings. 

CLBARANCBS. 

The smallest allowable clear roadway shall be twenty (20) 
feet, measured between inclined end posts, exceptiag for cheap 
country bridges, where it may be reduced to eighteen (18) 
feet, or even to fourteen (14) feet, in case that the bridge be 
so short that no provision need be made for teams passing 
thereon. 

The smallest allowable clear headway shall be fourteen (14) 
feet, except for bridges in cities where the ordinances require 
a greater height. The corner brackets may, however, en- 
croach on the specified clear headway, provided they do not 
extend either laterally or downward more than five (5) feet. 

EFFECTIVE LENGTHS AND DEPTHS. 

See Specifications for Railroad Structures. 

STYLES OF BRIDGES FOB VARIOUS 6FAK LENGTHS. 

In general, spans of and below twenty (30) feet are to con- 
sist of rolled beams or simply wooden joists; spans from 
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tweuty (20) to sixty (60) feet, of plate girdei-s; spaus from 
sixty (60) toiiiuety(90) feet, of opeu* webbed, riveted giiders of 
single cancellatiou, or pin-counected "A" trusses; uud spaus 
exceeding ninety (90) feet, of pin-connected trusses. 

The us^ of pony-truss bridges of any kind is proliibited, ex- 
cepting only half- through, plate-girder spans, in which the 
top flanges are held rigidly in place by brackets riveted to 
cross-girders that are spaced generaUy not to exceed fifteen 
(15) feiet apart. 

FORM& OF TBUS6BS. 

The forms of trusses to be used are as follows : 

For pin-connected spans up to ninety (90) feet, the **A** 
truss. 

For open-webbed, riveted girders, the Warren or Triangu- 
lar girder, with verticals dividiug the panels ; also the Pratt 
truss. 

For deck-spans carrying joists on the top chords, the 
Warren or Triangular girder with verticals dividing the 
panels of the top chords. 

For spans between ninety (90) feet and about two hundred 
and fifty (250) feet, Pratt trusses with top chords either 
straight or polygonal. 

For spans exceeding two hundred and fifty (250) feet, 
Petit trusses. 

It is understood that these limiting lengths are not fixed 
absolutely, as the best limits will vary somewhat with the 
width of bridge and the live load to be carried. 

MAIN MEMBERS OF TRUSS- BRIDGES. 

All spans of every kind shall have end floor-beams, riveted 
rigidly to the trusses or girders, for supporting the joists or 
stringers. 

Steel stringers are, preferably, to be riveted to the webs of 
the cross-girders, but wooden joists are generally to rest on 
top of the latter. 

In general , all trusses shall have main end posts inclined. 
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All trusses shall be so designed as to admit of accurate 
calcuIatioDS of all stresses, excepting only such unimportant 
cases of ambiguity as occur when two stifl! diagonals are used 
in a middle panel. 

In important bridges with steel stringers, all lateral bracing 
and other sway-bracing shall be rigid above and below : i.e. 
the sections must be capable of resisting compression, adjust- 
able rods for such bracing being allowed only in towers of 
draw-spans and in the lower lateral systems of deck-bridges ; 
but, in cheap country bridges, the lateral and other sway 
diagonals may be adjustable rods. 

The stiff diagonals of lower lateral systems, which shall be 
of double cancellation, shall be riveted rigidly to all the steel 
stringers where they cross them. 

In the trusses of important bridges counterbracing the web 
shall be effected by using stiff diagonals, but in cheap bridges 
it may be done by using counters of adjustable rods. 

All through-spans shall have portul bracing at each end, 
carried as low as the specified clear headroom will allow. 
The portal struts shall be riveted rigidly to the web or both 
flanges of the inclined end posts. Riveting portals to one 
flange only will not be allowed. 

When the height of the trusses is great enough to permit, 
transverse, vertical sway-bracing shall be employed ; other- 
wise, comer bmckets of proper size, strength, and rigidity 
are to be riveted between the posts and the upper lateral 
struts. 

Deck-bridges shall, as a matter of precaution, have sway- 
diagonals between opposite vertical posts of sufilcient strength 
to carry one half of a panel-truss live load with its impact 
allowance ; and the transverse bracing between the vertical 
or inclined posts at each end of span shall be sufilciently 
strong to transmit properly to the masonry one half of the 
total wind-pressure carried by the upper lateral system of 
the span. 

The lower lateral systems of deck-bridges may be made of 
adjustable rods in alternate panels, thus leaving every other 
panel unbraced, and forcing the wind-pressure from below up 
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the vertioal bracing and to the ends of the span by the upper 
lateral Bystem. 

In important bridges, suspenders or hip verticals and two 
or more panel lengths of bottom chord at each end of span 
ghall, preferably, be made rigid members, except that eye-bars 
are to be used for bottom chords of " A " truss bridges. 

All floor-beams are to be riveted to the truss-posts in truss- 
spans, excepting in the case that eye-bars be used for suspend- 
ers or hip verticals. In such cases floor-beam hangers may be 
used, provided they be made of plates or shapes, and that they 
be stayed at their upper ends against all possibility of 
TOtatioQ. 

CONTINUOUS SPANS. 

See Speciflcations for Railroad Structures. 

TREBTLE-TOWBBS. 

In general, the descriptive specifications for railroad 
trestles are to be followed in designing highway trestles or 
viaducts, except that in cheap structures all sway-diagonals 
of towers may be made of adjustable rods, with horizontal 
struts at the panel points, provided that the struts be ligidly 
riveted to the columns. 

CAMBER. 

All trusses must be provided with such a camber that, with 
the heaviest live load on the span, the total camber shall never 
be quite taken out by deflection. With parallel chords, 
sufficient camber will be obtained by making the top-chord 
sections longer than the corresponding bottom-chord sections 
by five thirty -seconds {-f^) of an inch for each ten (10) feet of 
length. 

Plate girders and shallow, ojjen- webbed, riveted girders 
should not be given any camber. 

EXPANSION, ANCHOBAOE, AND NAME PLATE8. 

See Specifications for Railroad Structures. 
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IiOADS. 

The loads to be considered in designing highway bridges 
and trestles are the following ; and all parts of same are to be 
proportioned to sustain properly ihe greatest stresses produced 
thereby for all possible combinations of the various loads, ex- 
cepting only that the live load and wind load cannot act to- 
gether, unless the structure carry an electric milway; for the 
reason that no person would venture on the bridge when even 
one half of the assumed wind-pressure is acting. 

A. Live Load. 

B. Impact Allowance Load. 

C. Dead Load. 

D. Direct Wind Load. 

E. Indirect Wind Load or Transferred Load. 

F. Effects of Changes of Temperature. 

When a highway bridge carries an electric railway, it shall 
be proportioned also for — 

G. Traction Load, and, 
H. Centrifugal Load. 

In calculating the stresses caused by a uniform moving load, 
the load shall be assumed to cover the panel in advance of the 
panel point considered; but the half -panel load going to the 
forward panel point will be ignored; or, in other words, the 
uniform load will be treated as if concentrated at the various 
panel points. 

LIVE LOADS. 

The uniformly distributed live loads per square foot of floor, 
including the entire clear widths of both main roadway and 
footwalks, shall be taken from the curve diagram shown on 
Plate V. 

In applying these curves the span lengths used shall be as 
follows : 

For stringers and joists, a single panel length ; for floor- 
beams and single panel suspenders with their corresponding 
primary-truss struts, two (2) panel lengths; for hip verticals 
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of Petit trusses, four (4) panel lengths ; and for main-truss 
members, the length of span loaded when the member under 
consideration receives its maximum stress. 

In the case of bridges with exterior sidewalks, one sidewalk 
only and the roadway are to be considered loaded when pro- 
portioning the beam-hangers and primary truss members of 
all bi-idges, and when proportioning the main-truss members 
of all spans less than one hundred (100) feet for bridges of 
Class A, and of all spans less than eighty (80) feet for bridges 
of Classes B and C. In all other cases both of the sidewalks 
and the roadway are to be considered loaded. The eccentric 
loading iucretises the live load per truss. But, when a bridge 
has only one exterior sidewalk, the effect of the eccentric 
loading is to be considered to act upon the whole of the nearer 
truss, and the sidewalk is to be considered empty when cal- 
culating the stresses in the farther truss. Floor-beams of 
bridges with one or two exterior sidewalks are to be propor- 
tioned on the assumption that, first, the main roadway is 
loaded, and the sidewalk or sidewalks are empty; and, second, 
that the main roadway is empty, and the sidewalk or sidewalks 
are loaded, due account being taken of the effect of reversing 
stresses as hereafter specified. 

In addition to the preceding loads, the floor, joists, floor- 
beams, beam-hangers, and primary-truss members are to be 
proportioned for the following concentrated loads, which are, 
however, supposed to occupy a whole panel length of the main 
roadway to the exclusion of the other live loads there (except- 
ing only the electric-railway live load). 

CLASS A. 

A road-roller weighing thirty thousand (30,000) pounds, of 
which twelve thousand (12,000) pounds are concentrated upott 
the roller in front of the machine, and nine thousand (9000) 
pounds on each of the wheels at the rear, the distance between 
the central planes of these wheels being five (5) feet, and that 
between their axis and the axis of the front roller eleven (11) 
feet. The width of the front roller is to be four (4) feet, and 
that of each rear wheel one foot eight inches (1' 8"). 
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CLASS B. 

A concentrated load of sixteen thousand (16,000) pounds 
equally distributed upon two pairs of wheels, the axes of 
which are eight (8) feet apart, and the central planes of the 
wheels six (6) feet apart. 

CLASS C. 

A concentrated load of ten thousand (10,000) pounds dis- 
tributed in the same manner as for Class B. 

The road-roller load is assumed to be equally divided be- 
tween all of the joists that it can cover, and the wheel loads 
for Classes B and C equally between two joists. 

In case that the highway bridge or trestle carries a single- 
track line of electric road, that one of the fdur car or train 
loads, shown on Plate VI, which most closely approximates 
to the greatest railway load that will be carried by the 
structure is to be adopted, and is to be assumed to occupy 
ten (10) feet in width of the entire clear roadway of the span 
to the exclusion of all other live loads on said ten (10) feet, 
except as hereinafter specified for floor-beams and primary- 
truss members. 

The equivalent uniformly distributed live loads, given by 
the curves on Plate YI, are to be used when making compu- 
tations instead of the concentrations just specified. 

The impact allowance for these electric railway loads is to 
be taken from the Specifications for Railroad Structures. 

The floor system and primary- truss members are to be 
figured for these electric train loads when passing either the 
road-roller or the heavy wagon-load; and the trusses as a 
whole are to be figured for a uniform load found by combin- 
ing the equivalent electric load, considering it to occupy ten 
(10) feet of roadway, together with its impact allowance, with 
the regular uniform live load per square foot of floor on the 
remaining width of ciear roadway, together with its proper 
impact allowance, provided that the equivalent live load per 
lineal foot for the cars, plus the proper impact allowance, ex- 
ceed the regular live load for a ten (10) foot width of roadway, 
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plus its proper impact allowance. If it do not so exceed, the 
regular uQiform live load is to be employed. 

IMPACT-ALLOWANCE LOAD. 

The impact-allowaDce load is to be a percentage of the uni- 
form live load, found by the formula 

10000 



L + 150* 

where P is the percentage and L the length in feet of span or 
portion of span that is covered by the live load, when the 
member considered is subjected to its maximum stress. 

DBAD LOAD. 

See Bpecificationa for Railroad Structures. 

WIND LOADS. 

For highway structures the wind loads per lineal foot of 
span for both the loaded and the unloaded chords are to be 
taken from the curves shown on Plate VIII. 

This diagram was figured for a clear roadway of twenty (20) 
feet. For wider structures, the wind loads are to be increased 
two (2) per cent for each foot of width in excess of twenty 
(20). 

The wind loads given on the diagram have been computed 
from detailed designs for simple spans up to seven hundred 
and fifty (750) feet in length, but beyond this limit they have 
been assumed; consequently, in designing spans of greater 
length than this, it will be necessary to check the assumed 
wind-pressure after the sections are propoilioned, using an in- 
tensity of twenty-five (25) pounds per square foot. 

The intensities employed in preparing the curves varied from 
forty (40) pounds for very short spans to twenty-five (25) 
pounds for very long ones. 

For viaducts, the wind -pre -sure on the empty structure ia 
to be assumed as three hundred (300) pounds per lineal foot 
on the spans at the level of the floor, and two hundred and 
fifty (250) pounds for each vertical foot of each entire tower. 
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The wind loads for loDgitudlnal bracing are to be taken as 
seven tentbs (0.7) of those for the transverse bracing. 

For viaducts caiTylng electric trains, the wind loads are to 
be taken from the Specifications for Railroad Structures. 

All wind loads are to be treated as momng loads. 

INDIRECT WIND LOAD OR TRANSFERRED LOAD. 

See Specifications for Railroad Structures. 

TRACTION LOAD. 

See Specifications for Railroad Structures. 

CENTRIFUGAL LOAD. 

See Specifications for Railroad Structures. 

EFFECTS OF CHANGES OF TEMPERATURE. 

See Specifications for Railroad Structures. 

INTENSITIES OF WOBKING-BTBEBBEB. 
See Specifications for Railroad Structures. 

BEARINGS UPON MASONRY. 

See Specifications for Railroad Structures. 

REYERSING- STRESSES. 

See Specifications for Railroad Structures. 

NET SECTION. 

See Specifications for Railroad Structures. 

BENDING MOMENTS ON FIKB. 

See Specifications for Railroad Structures. 

COMBINATIONS OF STRESSES. 

The Specifications for Railroad Structures under this head 
ing are to be followed, with this exception : in bridges and 
viaducts that do not carry trains, the live load and the wind 
load are assumed not to act simultaneously. 
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BENDING ON TOP CHOBDS. 

Bee Specifications for Railroad Structures. 

BBNDING ON INCLINED END POSTS. 

• The Speciflcatious for Railroad Structures und^* this bead- 
ing tire to be followed, with this exception : in bridges that do 
not carry trains, the live load and the wind load are assuoied 
not to act simultaneously. 

BENDING DUB TO 'WEIGHT OF MEICBBB. 

See Specifications for Railroad Structures. 

GENERAL LIMITS IN DESIGNING. 

The following general limits shall be adhered to in design- 
ing highway bridges and viaducts : 

The perpendicular distance between central planes of trusses 
shall never be less than one twentieth (^j^) of the span. 

The length of any bracket cantilevered beyond a truss or 
girder shall never exceed one half of the perpendicular distance 
between the central planes of adjacent trusses or girders, unless 
there be more than two trusses to the span. 

Ko metal less than five sixteenths (^) of an inch in thick- 
ness shall be used, except for filling-plates; and in important 
bridges this limit shall be increased to three eighths (}) of an 
inch. 

The least allowable thicknesses of webs of rolled I beams 
shall be as follows: 

24" I beams A" webs. 

20 ** " i 

18 *• *' ^j 

15 " " } " 

12 " " ^v " 

1^0 channel less than six (6) inches in depth shall be used 
ezc< pt for lateral struts, in which five (5) inch channels may be 
employed. 

No angles less than 2^'' X ^i" X f/' ^^^^^ ^^ ^^^ except 
for lacing, 
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Ko eye-bars less thaD three (3) iuclies deep or five eighths (f ) 
of an inch thick shall be employed; aud the depths of eye-bara 
for chords and main diagonals shall not be less than one 
sixtieth (^) of the horizontal length of same. 

No adjustable rod shall have less than three quarters (}) of 
a square Inch of cross-sectiou. 

The shortest span length for trusses with polygonal top 
chords shall be one hundred and sixty (160) feet. 

The limit of span length in which steel stringers can be 
riveted continuously from end to end of span shall be two 
hundred (200) feet. Beyond this limit sliding-bearings must 
be used at one or more intermediate panel points ; and in no 
span shall there be a length of continuously riveted stringers 
exceeding two hundred (200) feet. 

For all compression-members of trusses and for columns of 
viaducts the greatest ratio of unsupported leugth to least radius 
of gyration shall be one hundred and twenty (120), excepting 
those members whose main function is to resist tension. In 
these the limit may be raised to one hundred aud fifty (150). 

The corresponding limit for all struts belonging to sway- 
bracing shall also be one hundred and fifty (150). 

GElTBBAIi PBINCIPIiES IN DESIGNING AXiL HIGH- 

WAY STBUCTUKBS. 

See Specification for Railroad Structures. 

BIVETING. 

In general, the specifications for riveting given for railroad 
structures shall apply also to highway structures, except that 
in the latter the diameters for rivets may be reduced to three 
quarters (J) of an inch for ordinary work. 

DETAUiS OF DESIGN FOR ROLLED I-BEAM SPANS. 

Rolled I beams used as longitudinal girders shall have, 
preferably, a depth not less than one fifteenth (^) of the span. 
They shall be proportioned by their moments of inertia. The 
spacing shall generally not e^Qe^d three (3) f^et six (6) inches. 
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Provided that wooden shims be bolted to the top fiaages for 
spiking the planks thereto, no sway-bracing will be required ; 
bat otherwise it must be used. Each I beam is to have at each 
end a pair of stifteuing angles, fitting tightly at both top and 
bottom to the flanges, to carry the load to the masonry and to 
form part of the end bracing- frames. Each pair of girders is 
to have a bracing- frame at each end ; and under each end of 
each I beam there is to be riveted a bearing-plate of proper 
area and thickness (never less than five eighths [f] inch) to 
distribute the load uniformly over the masonry, said plate 
being bolted effectively to the latter, with due provision for 
expansion and contraction. 

BSTAIIiS OF DESIGN FOB FLATE-QIBPEB SPANS. 

In designing plate-girder spans for highway structures, the 
corresponding specifications lor railroad structures are to be 
followed, except that the depths of girders shall preferably be 
not less than one twelfth (^^f) of their span, that metal five- 
sixteenths (y^;) inch thick may be used, and that the stiffening 
angles may be made as small as two and a half (2^) by two 
and a half (2^) inches. 



DETAILS OF DESIGN FOB OPEN- WEBBED, BIVETX2D 

GIBDEB SPANS. 

See Specifications for Railroad Structures. 



DETAILS OF DESIGN FOB PIN-CONNECTED SPANS. 

The sections of top chords and inclined end posts of through- 
spans shall consist, generally, of two rolled or built channels 
and a single cover-plate. In the case of built channels, the 
section of the member must be so proportioned as to bring its 
centre of gravity as near as possible to the middle of the 
webs. 

Main vertical posts shall generally be composed of two 
laced channels, preferably rolled ones, although built chan- 
nels may be used where large sections are required. 



SPECIFICATIONS FOR BTBEL HIGHWAY BRIDGES. 229 

Secondary yertlcnl posts may be made of two rolled chan- 
nels laced, or of four angles in the form of an I with a single 
line of lacing. These secondary vertical posts should be 
riveted to the top chords instead of being pin-connected 
thereto, as in the case of the main vertical posts. 

The channels of vertical posts may have their flanges turned 
either inward or outward, as desired, or so as best to suit the 
general detailing of the truss. 

Stiff bottom chords and inclined web-struts may be made of 
either two channels with two lines of lacing or of four angles 
with one line of lacing, the use of trussed eye-bars for struts 
being prohibited. 

Upper lateral struts, overhead transverse struts, and web- 
stiffening struts shall preferably be made of four angles with 
one line of lacing. In case, however, the said angles be 
spaced very far apart, as in lateral struts connecting deep top 
chords, they are to be placed on the corners of a rectangle, 
with their legs turned inward, and laced on all four faces of 
the box strut thus formed. 

Eye-bars are to be used for all bottom chords and main 
diagonals that do not require to be stiffened. 

Counters, when employed, can be of either rounds, squares, 
or flats. These and all other adjustable members are to have 
their ends enlarged for the screw-threads (unless soft steel, 
cold-pressed threads be used), so that the diameter at the bot- 
tom of the thread shall be one eighth (^) of an inch greater 
than that of the body of a round rod of area equal to that 
of the adjustable piece. 

Diagonals for upper lateral systems and vertical sway- 
bracing shall, preferably, be built of four angles in the form 
of an I, with a single line of lacing; but for structures where 
this section would involve an extravagant use of metal» two of 
the angles, one at the top and one at the bottom, may be 
omitted, thus making each strut consist of two angles laced, 
provided, of course, that where the struts cross they shall be 
rigidly connected by two plates of ample size. This unbal- 
anced section for such diagonals is to be avoided whenever it 
can be done without undue use of metal. In no case, though, 
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will it be permissible to use angles in tension that are not 
capable of resisting properly the possible compressive stresses, 
with due regard for the specified limit of ratio of unsup- 
ported length to least radius of gyration. 

In cheap highway bridges the lateral diagonals may be made 
of adjustable rods with right and left clevises at their ends, 
by which they are to be connected through pins to corner- 
plates that are riveted to both the lateral strut and the truss 
member. The ordinary detail consisting of two or three short 
pieces of angle riveted on top of the cover-plate, and between 
two of which the rod lies, will not be permitted. Where 
adjustable rods are employed, the struts to the ends of which 
they attach must be figured for a total compressive stress equal 
to the sum of the components (in the direction of said strut) of 
the greatest allowable working-stresses on all of the adjust- 
able rods meeting at one end of said strut. While this 
method gives an excessive stress for the strut, the effect will 
be a desirable error on the side of safety and rigidity. 

In designing transverse lateral and overhead struts and their 
connections, it must be remembered that their main function 
is to hold rigidly the chords or posts to place and line, and not 
merely to resist as columns the greatest calculated direct 
stresses to which they may be subjected. For this reason 
such struts should have ample section for rigidity, and the 
connecting plates at their ends should grip both connected 
members effectively. 

Where built stringera are used for the floor system, they 
shall be made without cover-plates, and generally of the 
economic depth in respect to total weight of metal, but never 
less in depth than one fifteenth (^j) of the span. No splices 
will be allowed in their flanges nor any in their webs, pro- 
vided that sufliciently long web-plates are procurable. The 
compression-flanges shall be made of the same gross section 
as the tension-flanges, and they shall be so stiffened that the 
unsupported length shall never exceed sixteen (16) times the 
width of flange. Rigid diagonal bracing of angles is to be 
used between the top flanges of such stringers, unless they ht 
held rigidly in place by the flooring; and rigid bracing-frames 
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are to be employed between the ends of adjacent stringers at 
all expansion points. Where such stringers are used, the 
lower lateral system must invariably consist of rigid sections, 
each piece being riveted to each stringer where it crosses the 
same. 

In respect to stiffening angles for stringers, the rules govern- 
ing those for plute-girder spans are to be followed ; but the 
end stiffeners are to be faced or otherwise treateil so as to 
make the stringers of exact length throughout, and so as to 
effect a uniform bearing of the end stiffeners against the webs 
of the cross-girders. 

In respect to the proportioning of flanges and number of 
rivets required, the rules given for plate-girder spans are to 
apply also to stringers. The said rules are to apply to cross- 
girders, as shall also those relating to stiffeners, splices, cover- 
plates, and size of compression-flunges, that are given for 
plate-girder spans. Wherever it is necessary to notch out the 
cornel's of the cross-girders to clear the chords, the greatest 
care must be taken to provide an adequate means for trans- 
ferring the shear to the posts without impairing either the 
strength or the rigidity. If necessary, in through -bridges, the 
web of the cross-girder may be divided into three parts so as 
to let the end portions project above the top flange and form 
brackets that will afford opportunity for using an ample num- 
ber of rivets to connect to the posts, and will strengthen prop- 
erly the otherwise weakened cross-girder. 

All plates, angles, and channels used in built members of 
trusses must, if practicable, be ordered the full length of the 
member ; otherwise the splices must develop the full strength 
of the member without any reliance being placed on the abut- 
ting ends for carrying compression. 

But in total splices at the ends of sections perfect abutting 
of the dressed ends is to be relied upon. However, the splice- 
plates even there must be of ample size and strength for both 
rigidity and continuity. 

The unsupported width of plates strained in compression, 
measuring between centre lines of rivets, shall not exceed 
thirty-two (32) times their thickness, except in the case of 
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cover-plates for top chords and inclined end posts, where the 
limil may be increased to forty (40) times the thickness. 
Where webs are built of two or more thicknesses of plate, 
the rivets that are used solely for mukitig the several thick- 
nesses act as one plate shall in no case be spaced more than 
(12) inches from each other, or from other rivets connecting 
said component thicknesses together. The least allowable 
thickness for such compound web-plates shall be one (1) inch. 

The open sides of all compression-members composed of 
two rolled or built channels, with or without a cover-plate, 
shall be stayed by tie-plates at ends and by diagonal lacing-bars 
or lacing angles at intermediate points. Lacing-bars may be 
connected to the flanges by either one or two rivets at each 
end ; but lacing angles, which are used for members of heavy 
section only, must be connected by two rivets at each end. 

The tie-plates shall be placed as close as practicable to the 
ends of the compression-members. Their thickness shall not 
be less than one fiftieth {^j^) of the distance between the centi-e 
lines of the rivets by which they are connected to the flanges, 
unless said tie-plates be well stiffened by augles, in which case 
they may be made as thin as three eighths (J) of an inch. 
The length of a tie-plate shall never be less than its width, or 
one and one-half (1^) times the least dimension of strut (un- 
less it be close to a web diaphragm of the member, in which 
case it may be made as short as twelve (12) inches), and 
seldom greater than one and one-half (1^) times its width. 

The thicknesses of lacing-bars shall never be less than 
one fiftieth (^\j) of the length between centres of the end rivets, 
measuring between inmost rivets in case that . there be more 
than one rivet at each end. 

The smallest section for a lacing-bar shall be one and three- 
quarter (1}) inches by five sixteenths (^^) of an inch, which 
size may be used for channels under eight (8) inches deep ; 
and the largest section shall be two and a half (2^) inches by 
seven-sixteenths (y'Jf) inch, which size shall be used for chan- 
nels fifteen (15) inches deep. For intermediate sizes of chan- 
nels, the sizes of lacing-bars shall be interpolated. For all 
built channels of greater depth than fifteen (15) inches, and 
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for all cases where a lacing-bar would require a greater thick- 
ness than seven sixteenths {^j) of an inch, angle lacing is to be 
used, the smallest section for same being 2" X 3J" X A", and 
the largest 2J" X 3f' X f ". 

In general, the inclination of lacing-bars to axis of member 
shall be about sixty (60) degrees ; but for members of minor 
importance the said inclination may be made slightly flatter. 

Pin-plates shall be used at all pinholes in built members, 
for the double purpose of reinforcing for the metal cut away 
and reducing the intensity of pressure on pin and bearing to or 
below the specified limit. They shall be of such size as to 
distribute properly, through the rivets, the pressure carried by 
such plates to both flanges and web of each segment of the 
member, and shall extend at least six (6) inches within the 
tie-plates of said member, so as to provide for not less than 
two (2) transverse rows of rivets there. 

When the pin ends of compression-members are cut away 
into jaw-plates or forked ends, for the purpose of packing 
closely the various members connected by the pin, these jaw- 
plates or post extensions shall be considered as columns, the 
thickness of each of which shall be determined by the follow- 
ing formula: 

p = 10,000 - 300; ; 

where pis the greatest allowable" intensity of working- stress 
(impact being considered); I is the unsupported length in 
inches, measuring from the centre of the pinhole to the 
centre of the first transverse line of rivets beyond the point at 
which the full section of the member begins; and t is the total 
thickness in inches of one jaw. The length I is always to be 
made as small as practicable, and in cases of unavoidably long 
extensions the plates are to be stiffened by an interior dia- 
phragm composed of a web with four, or sometimes only two, 
angles. 

it is always better, whenever practicable, to avoid cutting 
away the ends of channels ; but, if they must be trimmed, the 
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ends must be reinforced so that the strength of the member 
shall not be reduced by the trimming, 

In riveted tension members the net section through any pin- 
hole shall have an area fifty (50) per cent in excess of the net 
sectional area of the body of the member. The net section 
outside of the pinhole along the centre line of stress shall be 
at least sixty-flve (65) per cent of the net section through the 
pinhole. 

Pius are to be proportioned to resist the greatest shearing 
and bending produced in them by the bara or stmts which 
they connect. No pin is to have a diameter less than eight 
tenths (fjf) of the depth of the deepest eye-bar coupled thereon. 
No pin is to have a smaller diameter than two and a half (2^) 
inches. 

Lower chords are to be packed as closely as possible, and in 
such a manner as to produce the least bending moments on the 
pins ; but adjacent eye-bars in the same panel must never have 
less than one-half (i) inch space between them, in order to 
facilitate painting. The various members attached to any pin 
must be packed as closely as practicable, and all interior vacant 
spaces must be filled with steel fillers, where their omission 
would permit of motion of any member on the pin. All bars 
are to lie in planes as nearly as possible parallel to the central 
truss plane. 

In detailing I struts composed of four angles with a single 
line of lacing, the clear distance between backs of angles shall 
never be made less than three quarters (|) of an inch, in order 
to permit the insertion of a small paint-brush. 

The greatest allowable pressure upon expansion-rollers of 
fixed spans, when impact is considered, shall be determined by 
the equation 

p = 60(W, 

where p is the permissible pressure in pounds per lineal inch 
of roller, and d is the diameter of the latter in inches. The 
least allowable diameter for expansion-rollers is two and a 
quarter (SJ) inches. 
Hollers shall be enclosed in boxes made practically dust- 
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tight, but which will not retain water, aud which are so cle- 
signed that the sides ctm be readily removed for the piirpos3 
of cleaning. These boxes must be so designed as to pennit of 
the free movement of the rollers in the lougitudiual direction 
of span sufficient to take up the extreme variations in lengtli 
due to temperature changes and deflection, and at the sumo 
time prevent any transverse motion of the end of span. 

All shoe-plates, bed-plates, and roller-plates are to be so 
stiffened that the extreme fibre-stress under bending, when 
impact is included, shall not exceed sixteen thousand (16,000) 
pounds per square inch. 

Pedestals shall be either of cast steel or built up of plates 
and shapes. In built pedestals, all bearing-surfaces of the 
base-plates and vertical bearing-plates must be planed. The 
vertical plates must be secured to the base b}*^ angles having 
at least two rows of rivets in the vertical legs; and the said 
vertical plates must bear properly from end to end upon said 
base. No base- plate, vertical plate, or connecting angle shall 
be less than five- eighths (|) of an inch in thickness. The verti- 
cal plates shall be of sufficient height, and must contain 
enough metal and rivets to distribute properly the loads over 
the bearings or rollers. The bases of all cast-steel pedestals 
shall be planed so as to bear properly on the masonry or 
rollers. 

All rollers and the faces of base-plates in contact therewith 
are to be planed smooth, so as to furnish perfect contact be- 
tween rollers and plates throughout their entire length. 

Heads of eye-bars are to be made of such dimensions that, 
v^hen the bars are tested to destruction, they shall break in the 
body and not in the eyes ; and, in the case of loop eyes, so 
that they shall not fail in the welds. Rods with bent eyes 
shall not be used. In loop eyes, the distance from the inner 
point of the loop to the centre of the pinhole must not be less 
than two and one half (2^) times the diameter of the pin, and 
tbe loop must fit closely to the pin throughout its semi-cir- 
cumference. 
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DBTAIIiS OF DBSIGN FOB VIADUCTS. 

The specifications for the *' Details of Design for Trestles 
and Elevated Railroads" are in general to be followed as far 
as they will apply in the designing of highway viaducts, the 
principal variation being that, for cheap structures^ adjustable 
rods with clevises may be substituted for the stiff diagonals in 
the four faces of the braced towers, by adding, of course, hor- 
izontal struts at the panel points of the transverse and longi- 
tudinal bracing. These struts must be riveted to the columns 
by means of wide plates to which the clevises attach, and 
must never be pin- connected. Corner horizontal plates are to 
be employed for attaching the horizontal adjustable rods by 
means of clevises, each of said plates being riveted to both a 
transverse and a longitudinal bracing strut. 

The detailing for the longitudinal girders of viaducts and 
the bracing between same shall comply with the specifications 
for detailing highway plate or open-webbed, riveted girder 
spans; and the specifications for wooden floor system, paving, 
hand-rails, etc., shall be the same for highway viaducts as for 
highway bridges. 



CHAPTER XVIL 

SPECIFICATIONS FOR HIGHWAY DRAW-SPANS. 

These specifications will be given principally by reference 
to the previous specifications for Railroad Structures, Higl). 
way Bridges, and Railroad Draw-Spans. 

aiSNEBAIi DESCBIFTION. 
CLASSIFICATION. 

See Specifications for Highway Bridges. 

ICATBRIALS. 

See Specifications for Railroad Draw-spans. 

JOISTS, FLANKS, GUARD-TIMBERS, AND WOODBir 

HAND-RAILS. 

See Specifications for Highway Bridges. 

FLOORINO ON AFFROACHES. 

See Specifications for Highway Bridges. 

STEEL RAILROAD TRACKS. 

See Specifications for Highway Bridges. 

PAVED FLOORS. 

See Specifications for Highway Bridges. 

CLEARANCES. 

See Specifications for Highway Bridges. 
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EFFBCTXYB LBNOTHS AND DEPTHS. 

See Specifications for Railroad Structures. 

STTLBS OF BRIDGES FOR VARIOUS SPAN LENGTHS. 

For spans up to one hundred and forty (140) feet in length, 
plate-girder spans are to be used. These plate-girder spans 
may be made to act as continuous girders over the pivot-pier, 
or may have plii-conncctions over the drum, so that ^vhen the 
live load is applied they will act as two separate spans. The 
former style is generally preferable as a matter of economy in 
time of operation, there being no important reason for raising 
the ends to any great extent, as there is in the case of railroad 
draw-spans. 

For spans between one hundred and forty (140) and two 
hundred and twenty -five (225) feet, pin-connected Pra*t 
trusses with parallel chords are to be used. 

For spans between two hundred and twenty-five (225) feet 
and three hundred (300) feet, pin-connected Pratt trusses with 
broken top chords are to be employed. 

For spans of over three hundred (300) feet, pin-connected 
trusses with subdivided panels are to be adopted. 

It is understood that these limiting lengths are not fixed 
absolutely, as the best limits will vary somewhat with the 
width of bridge and the live load to be carried. 

The proper truss depths for all cases cannot well be 
specified, as they will depend upon various considerations, 
such as appearance, economy, width of structure, etc. 

In all cases the top chords are to be of ligid members, and 
inclined posts are to be used at ends and over drum, as 
specified for railroad draw-spans. 

MAIN MEMBERS OF TRUSS DRAW-SPANS. 

See Specifications for Highway Bridges. 

liOADS. 

See Specifications for Railroad Draw-Spans. 
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LITE LOADS. 

See Specifications for Highway Bridges; and, for the 
manner of applying live loads to draw-spans, see Specifications 
for Railroad Draw-Spans. 

IMPACT-ALLOWANCE LOAD. 

See Specifications for Highway Bridges. 

DEAD LOAD. 

See Specifications for RaUroad Structures. 

ASSUMED UPLIFT STRB8SB8. 

See Specifications for Railroad Draw-Spans. 

The inferior limit of uplift for designing the machinery of 
light highway drawbridges is to be taken at ten thousand 
(10,000) pounds at each of the four corners of the span. 

WIND LOADS. 

See Specifications for Highway Bridges. For method of 
using the wind loads, see Specifications for Railroad Draw- 
Spans. 

INDIBECT WIND LOAD OR TRANSFERRED LOAD. 

See Specifications for Railroad Structures. For method of 
dealing with this load, see Specifications for Railroad Draw- 
Spans. 

. INTEirSITISS OF T/^OBKING-STBESSES. 

See Specifications for Railroad Structures. 

BEARINGS UPON MASONRY. 

See Specifications for Railroad Structures. 

REVERSING STRESSES. 

See Specifications for Railroad Structures. 

NET SECTION. 

See Specifications for Railroad Structures, 
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BENDING MOMENTS ON FINB. 

See Specifications for Railroad Structures. 

COMBINATIONS OF STBE8SE8. 

See SpedficatioDB for Railroad Draw-Spann. 

It is to be observed, however, that, for spans which do not 
cany trains, the live load and the wind load are assumed not 
to act simultaneously. 

BENDING ON TOP CHOBD8. 

See Specifications for Railroad Structures. 

BENDING ON INCLINED END POSTS. 

The Specifications for Railroad Structures under this head, 
ing are to be followed with tiiis exception : in bridges that do 
not carry trains, tbe live load and the wind load are assumed 
not to act simultaneously. 

BENDING DUE TO WEIGHT OF MEMBBB. 

See Specifications for Railroad Structures. 

GENRBAIj limits in DBSiaNINa. 

See Specifications for Highway Bridges. 

aENERAIj FBINCIFLES IN DESIGNINa. 

See Specifications for Railroad Structures. 

RIVETING. 
See Specifications for Highway Bridges. 

DETAILS OF DESIGN FOR FIjATE-GIRDEB DBA^W- 

8FAN8. 

The specifications for the corresponding item in the Specifi- 
cations for Railroad Draw-Spans are to be followed, with the 
following exceptions : 

1st. The perpendicular distances between central planes of 
girders will be made to suit the general requirements; and, 
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2d. At least eight (8) points of support on the drum will 
be needed. 

detaiijS of design fob put-cow m ected 

DBAT^-SPAirS. 

The specifications for the corresponding item in the Speci- 
fications for Highway Bridges are to be followed, and in addi- 
tion thereto those given under the heading ** Details of Design 
for Trusses of Draw-Spans " in the Specifications for Railroad 
Draw-Spans are to be employed, except that the use of adjust- 
able members for lateral diagonals will be permitted in the 
case of cheap highway draw-spans. 

DETAIIiS OF DBUMS AND TUBNTABIiEB. 

In general the Specifications for the corresponding item in 
the Specifications for Railroad Draw-Spans shall be followed, 
except that, for light, liighway draws, the limiting thicknesses, 
etc., may be reduced to the following : 

Top flanges and webs of drums — three eighths (|) of an 
inch. 

Bottom flanges of drums — five eighths (f) of an inch. 

Upper track segments — one and three-quarter (If) inches. 

Lower track segments — two (2) inches. 

Bearing- plates over drum — three quarters (|) of an inch. 

Centre casting on pivot-pier — one (1) inch. 

Anchor-bolts for same— one and one-eighth (IJ) inches in 
diameter and two and a half (2() feet long. 

Rollers — ^ten (10) inches in diameter and six (6) inches face. 



MACHINEBir FOB TXTRNTNG THE SPAN AND LIFTINa 

THE ENDS OF SAME. 

See Specifications for Railroad Draw-Spans. 



METHOD OF DETEBMINING PO'WEB BEQUIBED FOB 
OPEBATING THE SPAN AND LIFTINa THE ENDS. 

See Specifications for Railroad Draw- Spans. 
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detaiijS of machinebt. 

OPERATING MACHINERY. 

See SpeciflcatioDS for Railroad Draw-Spans. 

END-LIFTING APPAKATX78. 

Bee SpeciflcatioDs for Railroad Dniw -Spans. 

SHOES AND END BEARING ROLLERS. 

See SpedflcatioDS for Railroad Draw-Spans. 

HOUSES AND SUPPORTS. 

Bee Specifications for Railroad Draw- Spans. 

OAMBBB AND DBFLSCTION. 
See Specifications for Railroad Draw-Spans. 



CHAPTER XVm. 

GENERAL SPECIFICATIONS GOVERNING THE MANUFACTURE, 
SHIPMENT, AND ERECTION OF STEEX BRIDGES, TRESTLES, 
VIADUCTS, AND ELEVATED RAILROADS. 

DRAWINGS. 

As soon as practicable after tbe signing of the contract for 
building tbe structure, complete detail drawings will be fur- 
nished by the Engineer, and from these the Contractor is to 
prepare his shop drawings, complying carefully therewith 
and making no changes without the written consent of the 
Engineer. The working drawings are to be sent in triplicsite 
for the approval of the Engineer and his principal Shop 
Inspector, who will retain two sets and return the tbird after 
checking same and marking thereon any changes or correc- 
tions desired ; after which a corrected set of shop drawings 
shall be sent without delay by the Contractor to the Engineer. 
The approval of said working drawings by the Engineer will 
not relieve the Contractor from the responsibility of any errors 
thereon. 

The drawings furnished by the Engineer shall be checked 
carefully by the Contractor before beginning work. Should 
any errors be discovered, the Engineers attention shall be 
called to same, and corrections will be made, after which the 
Contractor shall be responsible for all errors which may occur 
or which may have occurred. The Engineer shall have the 
right to alter as he may see fit the preliminary plans, if 
further investigation of the conditions affecting the proposed 
structure so warrant ; and he shall be at liberty to make 
minor changes in all plans during construction without any 
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extra charge for same being made by the Contractor unless, 
in the opinion of the Engineer, the Contractor be really en- 
titled to extra compensation on account of such changes. 

The Contractor shall furnish without charge as many sets 
of shop drawings as the Engineer and other officers of the 
company may deem necessary for their use during construc- 
tion or for record. 

INSPECTION. 

The inspection and tests of metal will be made promptly on 
its being rolled or cast, and the quality will be determined 
before it leaves the rolling-mill or foundry. The inspection 
of workmanship will be made as the manufacture of the 
material progresses, and at as early a period as the nature of 
the work will permit. 

All facilities for inspection of material and workmanship 
shall be furnished by the Contractor; and the Engineer and 
his inspectors shall have free access to any of the works in 
which any portion of the material is being made. 

The Contractor shall give the Inspector due notice when 
any material is ready for inspection. Any delay on the part 
of the Inspector shall be reported to the Engineer, but no 
material will be accepted which has not been passed upon by 
the authorized representative of the Engineer. 

METAL. 

Unless otherwise specified, all metal shall, for all spans of 
ordinary length, be medium steel ; excepting only that rivets 
and bolts are to be of soft steel, and adjustable members of 
either soft steel or wrought iron. 

For very long, fixed spans, high steel may be used for top 
chords, inclined end posts, pins, and eye-bars in bottom chords 
and in main diagonals of panels where there is no reversion 
of stress, when impact is included. It may be used also for 
the web members of cantilever and anchor arms of cantilever 
bridges, where the variation of stress is comparatively small, 
and where the impact cannot be great. 
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Except for purely ornamental work aud a few minor details 
of the operating machinery of drawbridges, cast iron will not 
be allowed to be used in the superstructure of any bridge, 
trestle, viaduct, or elevated railroad, cast steel being em- 
ployed wherever important castings are necessary. 

BOLIiBD BTBBIi. 

All soft aud medium steel shall be manufactured by either 
the acid or the basic open-hearth process, but high steel shall 
invariably be manufactured by the former. All steel must 
be uniform in character for each specified kind. Any attempt 
to substitute Bessemer or any other steel for the open -hearth 
product will be considered as a violation of the contract and 
a good and sufficient reason for cancelling the same. 

All plates shall be rolled from slabs. These slabs shall be 
made by a separate operation, by rolling an ingot and cutting 
off the scrap. The original ingot shall have at least twice 
the cross-sectional area of the slab, and the latter shall be at 
least six times as thick as the plate. 

All finished material coming from the mills must be free 
from seams, flaws, or cracks, and must hate a clean, smooth 
finish. 

COMPOSITION OF BOLLED STEEL. 

The greatest allowable percentages of certain principal in- 
gredients of the various kinds of rolled steel shall be as given 
in the following table: 



Tngrredients. 


Percentages. 


Soft Steel. 


Medium Steel. 


High SteeL 


Phosphorus (acid steel). . 
PbospUorus (basic steel). 

Sulphur 4 

Silicon 


0.05 
0.08 
0.04 
0.04 
0.60 


0.06 
0.04 
0.05 
0.05 
0.70 


0.07 

• • • • 

0.05 
0.06 


Manganese... 


0.80 
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Tbeae percentages apply to drillngs taken from the edges 
of plates and the exterior of shapes, bars, or flats. If, how- 
ever, the drillings be taken from the middle of plates or the 
heart of other sections, the percentages given in the table are 
to be increased twenty>fiTe (25) per cent. 

IDKJITiriCATIOH. 

Each ingot shall be stamped or marked plainly with its 
proper melt-numlier; and this melt-number must be stamped 
or painted plainly on all blooms, billets, or slabs made from 
sach ingots in order to identify the material throughout its 
Tarioas processes of manufacture; and the melt-number must 
be stamped plainly on each piece of finished material. Rivet 
and lacing steel, and small pieces for pin-plates and stifPeners, 
may be shipped in bundles, securely wired together, with the 
blow or melt number on a metal tag attached. 

GENERAL PROVISIONS ON METHODS OF TESTING. 

Rivet-rods and other rounds are to be testefl iu the form in 
which they leave the rolls, without machiniag. 

Test-pieces from angles, plates, shapes, etc., shall be rect- 
angular in shape, with a cross-seclioual area of preferably 
about one half (i) of a square inch, but not less, and shall be 
taken so that ouly two sides are machine-finished, the other 
two having the surface which was left by the rolls. 

Should fracture occur outside of the middle third of the 
gauge length, the test is to be discarded as worthless if it falls 
below the standard. 

If any test-piece have a manifest flaw, its test shall not be 
considered. 

In case that one test-piece falls slightly below the require- 
ments in any particular, the Inspector may allow the re-testing 
of the lot or heat by taking four (4) additional tests from the 
said lot or heat; and, if the average of the five (d) shall show 
that the steel is within the requirements, the metal may be 
accepted; otherwise it shall be rejected. 
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Drillings for chemical analysis may be taken either from the 
preliminary test-piece or from the finished material. 

The speed of the machine for breaking test-pieces shall not 
be less than one-quarter {}) inch per minute, nor more than 
three (8) inches per minute. 

Material which is to be used without annealing or further 
treatment is to be tested in the condition in which it comes 
from the rolls. When the material is to be annealed or other- 
wise treated before use, the specimens representing such ma- 
terial may be similarly treated before testing; but they shall 
also give standai^ elongation, reduction, and fracture before 
annealing. 

TKNfilLE STBEKGTH. 

The ultimate tensile strength per square inch on test-pieces 
for all three kinds of rolled steel used in structural metal-work 
shall be as follows : 

Soft steel 50,000 lbs. to 60,000 lbs. 

Medium steel . . . 60,000 lbs. to 70,000 lbs. 
High steel 70,000 lbs. to 80,000 lbs. 

BLASTIG LIMITS. 

The least allowable elastic limits obtained from test-pieces 
and determined in the usual manner by the drop of the beam 
shall be as follows : 

Soft steel 80,000 lbs. per square inch. 

Medium steel. . . 35,000 lbs. per square inch. 
High steel 40,000 lbs. per square inch. 

BLONGATION. 

The percentages of elongation shall be obtained from the 
test-pieces after breaking on an original length of eight (8) 
inches, in which length must occur the curve of reduction 
from stretch on both sides of the point of fracture. The least 
allowable elongations for the various kinds of rolled structural 
steel shall be as follows . 
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Percentage of Elongation. 


Shape. 


Soft Steel. 


Medium 
Steel. 


High 
Steel. 


Rounds (exceDtinsr Dins) 


29 
29 


27 
20 
26 
24 

23 

. 21 
20 




Pins 


18 


Ansries and bars 


2S 


Plates under 40" wide 

Plates 40" to 70" wide, aud webs 
of beams and channels 


20 
19 


Plates over 70" wide 




Flanges of beams and channels 


18 



REDUCTION OP AREA. 

The reduction of area, measured on test-pieces, for the va- 
rious kinds of rolled structural steel shall be' as follows : 





Percentage of Reduction of Area. 


Shape. 


Soft Steel. 


Medium 
Steel. 


High 
Steel. 


Rounds (exceDtinir Dins) 


50 

48 


44 
40 
40 
40 

88 
87 
86 


38 


Pins 

Anerles and bars 


34 
84 


Plates under 40" wide 

Plates 40" to 70" wide, and webs 
of beaniR and channels 


34 
84 


Plates over 70" wide 




Flanges of beams and channels 


80 



BENDING TESTS. 

Specimens of soft steel shall be capable of bending to one 
hundred and eighty (180) degrees and closing down flat upon 
themselves, without cracking, when either hot, cold, or 
quenched. 

Specimens of medium steel, when heated to a dark orange 
and cooled in water at seventy (70) degrees Fahrenheit, or 
when cold or hot, shall be capable of bending one hundred 
and eighty (180) degrees around a circle whose diameter is 
equal to the thickuess of the test-piece, without showing signs 
of cracking on the convex side of the bend. 
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Specimeus of bigli steel when quenched in a similar manner 
shall be capable of bending ninety (90) degrees around a circle 
whose diameter is equal to twice the thickness of the test-piece, 
and one hundred and eighty (180) degrees, either hot or cold, 
without showing signs of cracking on the convex side of the 
bend. 

DRIFTING TESTS. 

Punched rivet-holes in medium steel, pitched two (2) diam* 
eters from a sheared edge, must stand drifting until their 
diameters are fifty (50) per cent greater than those of the 
original holes, and must show no signs of cracking the metal. 

High steel must stand the same test, except that the increase 
in diameter is to be twenty-five (25) per cent instead of fifty 
(50) per cent. 

FRACTURB. 

All broken test-pieces for all three classes of steel must show 
a silky fracture of uniform color. 

NUMBER OF TEST- PIECES. 

At least three (8) tensile tests and three bending tests shall 
be made on specimens from different ingots of each melt. 
The bending tests may, if desired, be made on the broken 
test-pieces of the tension tests. If material of various shapes 
is to be made from the same melt, the specimens for testing 
are to be so selected as to represent the different shapes rolled 
from such melt. 

All tests are to be made by the Contractor for the Inspector 
without charge. 

The Inspector will be permitted considerable latitude in 
respect to the number of tests required, reducing same when 
the metal runs uniformly and increasing same when it 
does not. 

Lots for testing shall not exceed twenty (20) tons in weight ; 
and plates rolled in universal mill or in grooves, or sheared 
plfties, shall each constitute a separate lot, as shall also the 
angles, channels, or beams. 
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TE8T8 OF FULL-8IZ£D BT£-BAB8. 

Foil-sized eye-bars may be tested to destruction, provided 
notice be given in advance of the number and siee required for 
this purpose, so that tlie material can be rolled at the same 
time as that required for the structure. The number of tests 
of full-sized eye-bars will depend upon the size of the order 
and upon the reguhirity of the results of the tests. In general, 
for small orders, the number of tests shall be about three (8) 
per cent of the number of eye-bars in the order, but never less 
than two bars for an order for a single span. For large orders 
the number of tests shall be about two (2) per cent of the 
number of eye-bars in the order. Should the Inspector find 
the bars to be very uniform in strength, elasticity, and duc- 
tility, and fully up to the specifications, he will be at liberty 
to reduce the number of tests of full-sized bars. In the case 
of testing long bars, it will be allowable to choose a bar at ran- 
dom from a number of finished bars, cut it iu two. and upset 
the cut end of each piece, thus making two test-bars. 

Full -sized bars of medium steel must show an ultimate 
tensile strength of at least sixty thousand (60,000) pounds per 
square inch for bars of one (1) inch thickness and under, and 
not less than fifty-six thousand (56,000) pounds per square inch 
for bars of two (2) inches thickness and over. Bars with 
thicknesses between these limits must show proportionate 
strength. The elongation shall be not less than fourteen (14) 
per cent in a gauged length of ten (10) feet; and the elastic 
limit shall not be less than fifty-five (55) per cent of the 
ultimate strength of the bar for bars not over one inch thick, 
or less than fifty (50) per cent of same for bars of two (2) 
inches thickness and over, with proportionate percentages for 
bars of intermediate thicknesses. 

For high steel the limits just specified shall be changed as 
follows : 

Ultimate strength, 70,000 to 65,000 pounds. 

Elongation, twelve (12) per cent. 

Elastic limit, fifty-two (52) per cent to forty-seven (47) 
per cent. 
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Any lot of steel bars which meets the i^uirements of the 
preceding paragraph shall l)e accepted, if none of the bars 
which break in" the eye show an ultimate strength, elastic 
limit, or elongation less than that specified for the body of 
the bar, unless one fourth (J) of the full-sized samples so 
tested break in the eye. In case of failure to meet any of 
these requirements, the lot from which the sample bars were 
taken will be rejected. 

All full-sized sample bars which break at less than the 
ultimate strength specified, or do not otherwise fill the speci- 
fications, shall be at the expense of the Contractor ; unless, in 
case of those that break in the eye, he shall have made objec- 
tion in writing to the form or dimensions of the heads before 
making the eye-bars. All others shall be paid for by the pur- 
chaser at the contract price of finished metal- work on cars at 
shops, less the scrap value of the broken bars. 
. 

PIN METAL. 

Pins up to six (6) inches in diameter may be rolled, but 
above that diameter they shall be forged. The rounds from 
which the pins are to be turned must be true, straight, and 
free from all injurious flaws or cracks. All forged pins shall 
be reduced from a single bloom or ingot until perfect homo- 
geneity is secured throughout the whole mass. The blooms 
shall have at least three (3) times the sectional area of the 
finished pins. No forging shall be done below a red heat 

VARIATION IN WEIGHT. 

Except in the case of sheared plates ordered to gauge, a 
variation in cross-section or weight of rolled material of more 
than two (2) per cent from that specified may be canse for 
rejection. For the said sheared plates the permissible excess 
variation shall run from four (4) per cent for plates five 
eighths (f ) of an inch or more in thickness to eight (8) per 
cent for plates three eighths (|) of an inch or less in thick- 
ness, the variations for intermediate thicknesses being diicclly 
interpolated. 
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Should the shippiug weight of any entire order exceed by 
more than one (1) per cent the weight computed from the 
approved shop drawiDg8» the amount in excess of the said one 
(1) per cent will not be paid for» unless in the entire order 
the weight of plates exceeding thirty -six (36) inches wide be 
greater than thirty (80) per cent of the whole, in which case 
the allowable Yariation shall be increased to two (3) per cent. 

WBOTTGHT IRON. 

All wrought iron, if any be used, must be of the best 
quality obtainable, tough, ductile, fibrous, and of a uniform 
quality; also straight, smooth, and free from cinder-pockets or 
injurious flaws, buckles, blisters, or cracks. Ko steel scrap 
shall be used in its manufacture. 

The tensile strength, determined from test-pieces in the 
same manner as specified for steel, shall not fall below fifty 
thousand (50,000) pounds per square inch; and the elastic 
limit shall not be less than twenty-six thousand (26, (XK)) 
pounds per square inch. The elongation, determined in the 
same manner as specified for steel, shall not be less than 
twenty (20) per cent. 

All wrought iron must bend cold one hundred and eighty 
(180) degrees, without sign of fracture, to a curve the inner 
radius of which equals the thickness of the piece tested. Soft 
steel is to be used instead of wrought iron wherever prac- 
ticable. 

CAST IRON. 

Except where chilled iron is specified, all castings shall be 
of tough, gray iron, free from injurious cold-shuts or blow- 
holes, true to pattern, and of a workmanlike finish. Sample- 
pieces one (1) inch square, cast from the same heat of metal in 
sand-moulds, shall be capable of maintaining on a clear span 
of four (4) feet six (6) inches a central load of five hundred 
(500) pounds when tested in the rough bar. All castings 
shall be straight and out of wind, with proper and approved 
uniform thickness of metal, and shall have perfect, sharp. 
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and clean lines, angles, and mouldings, all re-entrant angles 
being properly filleted. 

CAST STEBL. 

All steel castings shall be made of acid open-hearth steel 
containing from tweuty-fivo hundredths (0.25) to four tenths 
(0.4) percent of carbon, and not more than the following per-, 
centages of other ingredients : 

Phosphorus, five hundredths (0.05). 
Sulphur, five hundredths (0.05). 
Manganese, eight tenths (0.8). 

The ultimate tensile strength shall run from sixty-five thou- 
sand (65,000) to seventy-five thousand (75,000) pounds per 
square inch; the elastic limit shall not be less than one half (i) 
of the ultimate strength; and the elongation of test specimens 
in two (2) inches shall not be less than fifteen (15) per cent 
for fixed castings or seventeen (17) per cent for movable 
castings. 

All steel castings shall be carefully and uniformly annealed, 
and shall be true to drawings, smooth, clean, and free from 
blowholes, sponginess, and all other defects. All corners 
therein shall be properly filleted. 

TESTS OF ROLLERS FOR DRAW-SPANS. 

The Contractor shall make, at his own expense, under the 
direction of the Engineer or his duly authorized representa- 
tive, for each draw-span, tests, not exceeding three (3) in 
number, of full-sized cast rollers; also any tests of specimeus 
of the metal for the same that may be considered necessary by 
the Engineer to determine its quality. 

OTHER TESTS OF FULL-SIZE MEMBERS OR DETAILS. 

The Contractor shall make, at his own expense, under the 
direction of the Engineer or his Inspector, such other tests of 
full-size members or details as the Engineer may prescribe. 
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provided that the said members or details are similar lo those 
used OD the work, and provided that the total cost to the Con* 
tractor of such extra tests does not exceed one quarter of one 
per cent (0.25^) of the total contract price of the work. 

WORKMANSHIP* 

All metal shall be carefully straightened before being turned 
over to the shops. 

All workmanship shall be first-class in every particular, and 
all portions of metal-work exposed to view shall be neatly 
finished. 

All idle corners of plates and angles, such for instance as the 
ends of the unconnected legs of angle lacing, shall be neatly 
chamfered off at an angle of about forty-five (45) degrees, so 
as to give a sightly finish to the work and to avoid bending of 
said corners during shipment and erection. 

As far as practicable, all parts shall be so constructed as to 
be accessible for inspection and painting. 

All punched work shall be so accurately done that, after the 
various component pieces are assembled and before the ream- 
ing is commenced, foity (40) per cent of the holes can be 
entered easily by a rod of a diameter one sixteenth (3^) of an 
inch less than that of the punched holes; eighty (80) per cent 
by a rod of a diameter one eighth (|) of an inch less than 
same; and one hundred (100) per cent by a rod of a diameter 
one quarter (|) of an inch less than same. Any shop work not 
coming up to this requirement will be subject to rejection by 
the inspector. 

SHEARED EDGES. 

All sheared and hot-cut edges shall have not less than one 
quarter (}) inch of metal removed by planing to a smooth, 
finished surface. Lacing-bnrs. fillers, stay-plates, and stringer- 
bracing connecting plates only will be exempt from this re- 
quirement. 

RK-ENTRANT CORNERS. 

No sharp or unfiUeted re-entrant comers will be allowed 
anywhere in the work. 
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ANNEALING. 

In all cases where a steel piece in which the full strength is 
required has been partially heated or bent, the whole piece 
must be subsequently annealed. In pieces of secondary im- 
portance, where the bending is slight, said bending is to be 
made cold, and no annealing in such cases will be required. 
Crimped webstiffeners will not require annealing. 

All eye bars shall be carefully and uniformly annealed at a 
dark orange heat. 

BIYETB. 

Rivets when driven must completely fiU'the holes, have full 
heads concentdc with the rivet-holes, and be machine -driven 
whenever practicable. The machine must be capable of re- 
taining the applied pressure after the upsetting is completed. 

The rivet-heads must be full and neatly finished, of approved 
hemispherical shape, in full contact with the surface, or be 
counlersuuk when so required, and of a uniform size for the 
same-sized rivets throughout the work; and they must pinch 
the connected pieces thoroughly together. Flattened heads 
may be used in certain places. If necessary for clearance. 
Except where shown otherwise on the drawings, all rivet 
diameters are to be seven eighths (}) of an inch. No loose or 
imperfect rivets will be allowed to remain in any part of the 
metal-work. 

BIYBT-HOLES. 

Rivet-holes must be accurately spaced; the use of drift-pins 
will be allowed only for bringing together the several parts 
forming a member, and they must not be driven with such 
force as to distort the mettil about the boles. The distance 
between the edge of any piece and the centre of a rivet-hole 
must never be less than one and a half (li) inches, excepting 
for lattice bars, small angles, and where especially shown 
otherwise on the Engineer's drawings; and, wherever practica- 
ble, this distance shall be at least two (2) diameters of the 
rivet. 
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PUNCHING AND REAMING. 

All rlyet-holes In steel-work, if punched, shall be made with 
a punch one-efghth (}) inch in diameter less than the diameter 
of the rivet intended to be used, and shall be reamed to a 
diameter one-sixteenth (^) inch greater than that of the said 
rivet. 

Before this reaming takes place all the pieces to be riveted 
together shall be assembled and bolted into position, then the 
reaming shall be done; for one of the principal objects of this 
clause in relation to subpunchiug is to ensure the correct 
matching of rivet-holes, and the avoidance of holes of exces- 
sive diameter. Said clause also ensures the removal of most, 
if not all, incipient cracks started by the process of punching. 

All reaming is to be done by means of twist-drills, the use 
of tapered reamers being prohibited, except where twist- 
reamers cannot be employed. All holes must be at right 
angles to surface of member, and all sharp or raised edges of 
holes under heads must be slightly rounded off before the 
rivets are driven. 

All holes for field-rivets, excepting lliose for lateral and 
sway bracing, when not drilled to an iron template, shall be 
reamed while the connecting parts are temporarily assembled. 

Punching shall not be permitted in any piece in which the 
thickness of the metal exceeds the diameter of the cold rivet 
that is to be used; but all such pieces shall be drilled solid. 

BUILT MEMBERS. 

Built members must, when finished, be true and free from 
twists, kinks, buckles, or open joints between the component 
pieces. 

All abutting surfaces of compression -members, except 
flnnges of plate-girders where the joints are fully spliced, 
must be planed or turned to even bearings so that they shall 
be in as perfect contact throughout as cnn be obtained by such 
means ; and all such finished surfaces must be protected by 
white lead and tnllow before shipment from the shop. 
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Th6 ends of all webs and chord or flange angles that abut 
against other webs must be faced true and square or to exact 
bevel ; and the end-stiiTeuers must be placed perfectly flush 
with these planed ends» so as to afford a proper bearing. 
Filling-plates beneath end-stiffening angles must be practically 
flush with said angles, and must in no case project outside of 
same at the bearings. If a good and satisfactory job of work 
cannot be obtained by this method, the end-stiffening angles 
shall be made one eighth (^) of an inch thicker, and the entire 
ends shall be planed after the stiffening angles are riveted on. 

No web-plate will be allowed to project beyond the flimge 
angles, or to recede more than one eighth (}) of an inch from 
faces of same. 

All filling and splice plates in riveted work must fit at their 
ends to the flanges sufficiently close to be sealed, when 
painted, against the admission of water ; but they need not 
be tool-finished, unless so specially indicated either on the 
drawings or in the specifications. 

STS-BAB8. 

Except in the case of loop-eyes, no weld will be allowed in 
the body of the eye-bars. The heads of the eye-bars shall be 
made by upsetting, rolling, or forging into shape. A variation 
from the specified dimensions of the heads will be allowed, in 
thickness of one thirty-second (y^^) of an inch below and one 
sixteenth (j^, ) of an inch above that specified, and in diameter 
of one fourth (|) of an inch in either direction. Eye-bars 
must be perfectly straight before boring. 

Loop-eyes shall invariably be made of wrought iron, as 
steel cannot be relied upon to afford a proper weld. 

PINHOLES. 

All pinholes must be bored truly parallel and at right 
angles to the axes of the members, unless otherwise shown on 
the drawings; and, in pieces not adjustable for length, no 
variation of more than one thirty-second (jTs)ot an inch will 
be allowed in the length between centres of pinholes. 
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Pinholes in eye- ban must be ib the centre of the heads, 
nod on the centre line of the bars. 

Bars, which are to be pUced side by side iu the structure, 
shall be bored at the same temperature, and shall be of such 
equal length that, when placed in a pile, the pin at each end 
will pass through the holes at the same time without forcing. 

Fnvs. 

All pins shall be turned accurately to a gauge, and shall be 
finished perfectly round, smooth, and straight. All plus up 
to three and one-half (3^) inches iu diameter shall fit the pin- 
holes within one fiftieth {^q) of an inch, and all pins over 
three and one-half (3^) inches in diameter shall fit their holes 
within one thirty-second (^) of an inch. 

The Contractor must provide steel pilot-nuts for all pins to 
preserve the threads while said pins are being driven. 

TURNED BOLTS. 

When members are connected by bolts which transmit 
shearing- stresses, the holes must be reamed parallel, and the 
bolts must be turned to a driving fit. 

TURNBUCKLES, NUTB, THREADS, AND WASHERS. 

All sleeve-nuts, tiirnbuckles, and clevises must be made so 
strong and stiff that they will be able to resist without 
rupture the ultimate pull of the bars which they connect, and 
without distortion the greatest twisting force to which they 
could ever be subjected. They must be made so that the 
threaded lengths of the rods engaged can be verified. 

The dimensions of all square and hexagonal nuts, except 
those on the ends of pins, shall be such as to develop the full 
strength of the body of the adjustable member. Ko round- 
headed bolts will be allowed. 

Washers and nuts must have uniform bearing. 

Cast or wrought iron washers must be used under the heads 
of all timber bolts when the bearing is on the wood. 
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All threads, except those on the ends of pins, must be of 
the United States standard. Each adjusting nut must be 
provided with an effective nut-lock or check-washer. 

ROLLERS. 

Rollers shall be turned accurately to a gauge, and must 
be finished perfectly round, and to the correct diameter or 
diameters, from end to end. The tongues and grooves in 
plates and rollers must fit snugly, so as to prevent lateral 
motion. Roller-beds must be planed. 

ANCHOR-BOLTS. 

All bed-plates and bearings must be fox-bolted to the 
masonry or attached to concrete by anchor-plates. The Con- 
tractor must furnish all bolts, drill all holes, and set the bolts 
to place with Portland -cement grouting. 

All anchor-bolts are to be of soft steel with cold-pressed 
threads ; and the threaded portion of all such bolts tested to 
destiniction shall develop a greater strength than that of the 
unthreaded portion of same. The lengths of the nuts for all 
adjustable rods must always be great enough to develop the 
full strength of the rod. 

All anchor-bolts are to be thoroughly oiled but not painted 
before shipment; and the exposed portions thereof, after 
erection, are to receive two coats of paint at the same time the 
rest of the metal-work receives its two coats. 

NAME-PLATES. 

A name-plate of neat design and finish, giving the name of 
the Contractor and the date of erection, shall be firmly attached 
to each end of every through -bridge, and to some prominent 
place or places in all other structures. 

PAINTING, 

All metal-work before leaving the shop shall be thoroughly 
cleansed from all loose scale, rust, and diit, and shall then be 
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given one ooat of tbe best carbon primer, Eureka paint, or any 
other priming-Coat required by tlie Engineer, which coat shall 
be thoroughly dried before the metal-work is loaded for ship- 
ment. It is absolutely esseutitU that the eutire surface of the 
metal-work be thoroughly deaosed by the most effective 
known methods, such as the use of wire-brushes, then the 
painter's torch, and in certain cases the appllcatiou of a strong 
caustic solution, followed by sci-aping, washing with clean 
water, and drying. 

In riveted work all surfaces coming in contact shall be 
extra well painted before being riveted together. Bottoms of 
bedplates, bearing-plates, and any other parts which are not 
accessible for painting after erection shall have three coats of 
paint, one at the shop, the other two in the field, before 
erection. Pius, bored pinholes, turned friction-rollers, and 
all other polished surfaces shall be coated with white lead and 
tallow before shipment from the shop. 

After the structure is erected the metal-work shall be 
thoroughly cleansed from mud, grease, or any other objection- 
able material that may be found thereon, then thoroughly and 
evenly painted with two (2) coats of paint of any kind that 
the Engineer may adopt. 

All three coats of paint given to the metal-work are to be of 
distinctly different shades or colors ; and the second coat must 
be allowed to dry thoroughly before the third coat is applied. 

No thinning of paint with turpentine, benzine, or other 
thinner will be allowed without special written permis&ion 
from the Engineer. 

No painting is to be done in wet or freezing weather. 

All painting is to be done in a thorough and workmanlike 
manner, to the satisfaction of the Eugineer, and no paint 
whatever is to be used on the structure without first being 
approved by the Engineer. 

All the materials for painting shall be subject at all times to 
the closest inspection and chemical analysis; and the detection 
of any inferior quality of such material, in either shop or 
field, shall involve the rejection of all such suspected material 
at hand and the scraping and repainting of those portions of 
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the work which, in the opinion of the Engineer, were de- 
fectively painted on account of such inferior material. 

All recesses which would retain water or through which 
water could enter must be filled with thick paint or some 
water-proof cement before receiying final painting. All sur- 
faces so close together as to prevent the insertion of paint- 
brushes must be painted thoroughly by using a piece of cloth 
instead of the brush. 

fSBTPPlSG. 

All parts shall be loaded carefully so as to avoid injury in 
transportation, and shall be at the Contractor's risk until 
erected and accepted. 

In shipping long plate girders great care is to be taken to 
distribute the weight properly over the two cars that support 
them, and to provide means for permitting the cars to pass 
around curves without disturbing the loading. In both the 
handling and shipment of metal-work eveiy care Is to be 
taken to avoid bending or straining the pieces or damaging 
the paint. All pieces bent or otherwise injured will be re- 
jected. 

TIMBBB. 

All timber must be of the best quality, sawed true and out 
of wind, full size, and free from wind-shakes, large or looee 
knots, decayed wood, sap. worm-holes, or any other defect 
that would impair its strength or durability. 

SBBGTIOK. 

The Contractor shall furnish all staging and falsework, and 
shall erect, adjust, and paint all of the metal-work ready for 
the timber-floor. He shall also furnish and lay the latter and 
put on the track-rails, unless there be a written agreement to 
the contrary. 

Tiie Ocotvaotor shall employ suitable mechanics for every 
kind of mechanical work, and shall, at the request of the en- 
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giiieer, discharge any workman whom the said Engineer shall 
deem incompetent; negligeut, or untrustworthy. 

All material of whatever kind shall be subject to inspection 
and approval at any time during the progress and until the 
final completion of the work ; and the entire work shall be 
constructed in a substantial and workmanlike manner, and to 
the satisfaction and acceptance of the Engineer. 

DEFECTIVE WORK. 

The Contractor, upon being so directed by the Engineer, 
shall remove, rebuild, or make good, without charge, any 
work which the said Engiueer ma^*^ consider to be defectively 
executed. The fact that any defective material in the struc- 
ture had been previously accepted by the oversight of the 
Company's engineers or inspectors shall not be considered a 
valid reason for the Contractor's refusing to remove it or make 
it good. And until such defective work is removed and 
made good, the Engineer shall deduct from the partial pay- 
ments or the final payment, as the case may be, whatever sum 
for such defective work as may, in his opinion, appear just 
and equitable. 

DIRECTIONS TO CONTRACTOR. 

In case that the Contractor shall not be present upon the 
work at any time when it may be necessary for the Engineer 
to give instructions, the foreman in charge for tbe time 
being shall receive and obey any orders that the Engineer 
may give. 

The Contractor shall commence work at such points as the 
Engineer may direct, and shall conform to his directions as to 
the order and time in which the different parts of the work 
shall be done, as well as to the force required to complete the 
work at the date specified. 

CLOSING THOROUGHFARES. 

The Contractor and his employees shall so conduct their 
operations as not to close any thoroughfare by land or water 
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without the written coaseut of the proper authorities of such 
thoroughfare. 

RESPONSIBILITY FOR ACCIDENTS. 

The Contractor shall assume and be responsible for all acci- 
dents to men, animals, and materials before the acceptance of 
the structure ; and must remove at his own expense all false, 
work, i-ubbish, or other useless material caused by his oper- 
ations; and such work shall be included as a part of the work 
to be performed. 

The Contractor shall place sufficient and proper guards for 
the prevention of accidents, and shall put up and maintain at 
night suitable and sufficient lights. 

DAMAGES. 

The Contractor sball indemnify and save harmless the Comi- 
pany against all claims and demands of all parties whatsoever 
for damages or compensation for injuries arising from any 
obstructions created by the Contractor or his employees, or 
from any neglect or omission to provide proper lights and 
signals during the construction of the work. 

ALTERATION OF PLANS. 

The Engineer shall have the power to vary, extend, in- 
crease, or diminish the quantity of the work, or to dispense 
with a portion thereof during its progress without impairing 
the contract; and no allowance will be made the Contractor 
except for the work actually done. In case any change in- 
volve the execution of work of a class not herein provided for, 
the Contractor shall perform tbe same and be paid the actual 
cost thereof plus the percentage for profit agreed upon in the 
contract. In this case the Contractor must furnish the Engi- 
neer with satisfactory vouchers for all labor and material 
expended on the work. 

STRICTNESS OF INSPECTION. 

All materials and workmanship will be thoroughly and 
carefully inspected, and the Contractor will be held at all 
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times to the spirit of the speciflcationB; but nothing will be 
done by the Company's engineers or inspectors to give the 
Contractor needless worry or annoyance, the intent of both 
specifications and inspection being simply to obtain for the 
Company work that will be first-class in every particular and 
a credit to erery one connected with its designing and con> 
struction. 

SPIBIT OF THE 8PBCTFI0ATIONS. 

The nature and spirit of these specifications are to pro- 
vide for the work herein enumerated to be fully completed in 
every detail for the purpose designed; and it is hereby under- 
stood that the Contractor, in accepting the contract, agrees to 
furnish any and every thing necessary for sucl^ construction, 
notwithstanding any omission in the drawings or specifica- 
tions. 

ENOIHBBR. 

Whenever in these specifications the term "Engineer" is 

employed, it is understood that it is to mean the 

Engineer of the Company or the duly author- 
ized representative of same. 

TENDBBS. 

Tenders for all work, whenever it is practicable, shall be 
made on schedule prices, lump-sum bids being accepted only 
for such parts as steam or electric machinery, which could 
not well be paid for by the pound. 

All tenders are to be made in strict accordance with the 
plans and specifications submitted to bidders by the Engineer; 
and no bids based upon suggested changes in same will be 
cousidered. 

In awarding contracts, preference will be given to those 
bidders in whose shops the piece-work system is least em- 
ployed. 



CHAPTER XIX. 

THE COMPBOMISE STANDARD SYSTEM OF LIVE LOADS FOB 
RAILWAY BRIDGES AND THE EQUIVALENTS FOR SAME. 

Ik 1898 the author published a small pamphlet, now out of 
print, which bore the above title. Its contents are reproduced 
here instead of in a second edition. The various steps taken 
in its preparation were as follows : 

In 1891 the author presented to the American Society of 
Civil Engineers a paper entitled ** Some Disputed Points in 
Railway-Bridge Designing," in which he advocated the adop- 
tion of a few standard train -loads for railroad bridges, instead 
of the almost innumerable ones then in use, offered a set of 
loads for discussion, and urged that the " Equivalent Uniform- 
Load Method '* of computing stresses be adopted instead of 
the burdensome method of wheel concentrations that had been 
in vogue for the preceding ten yeai-s. This paper received a 
very thorough discussion, from which it was evident that 
bridge engineers and railroad engineers, as a whole, would be 
glad to settle upon a few standard loadings, and to adopt 
some simple equivalent method of computing stresses. Most 
of those who desired the abandonment of the " Concentrated 
Wheel-load, Method,'* advocated the adoption of the *' Equiv- 
alent Uniform-Load Method," but a few favored either the 
•* Single" or the ••Double Concentration Method,*' with a 
constant car-load. 

This paper, with the discussions, was published in the Feb- 
ruaiy and March 1892 number of the Transactions of the 
American Society of Civil Engineer, and was reviewed very 
generally by the technical press, attention being paid princi- 
pally to the subject of equivalent loads. These reviews started 
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a series of letters by the author and others, that were priuted at 
first in the Railroad Gazette, and later also in the Engineering 
Beeoi'd, in which letters the subject of equivalents was thor- 
oughly and exhaustively treated. These proved that the 
'* Equivalent Uniform-Load Method " gives results which are 
accurate enough for all practical purposes, and that neither 
the ** Single Concent rated -Load Method "nor the "Double 
Cou cent rat ed-Load Method" gives results coinciding at all 
closely with those found by the theoretically exact method of 
'* Wheel Concentrations." 

In November 1892 the author sent a circular letter to all 
the chief engineers of railroads in the United States and Can- 
ada who were members (in any grade) of the American Society 
of Civil Engineers, and to every other member of that society 
connected with or specially interested in the designing, build- 
ing, or operating of railroad bridges. This letter solicited a 
ballot on certain '* Disputed Points in Railway Bridge Design- 
ing," foremost among which were those of standard live loads 
and a simple equivalent method for computation. The num- 
ber of responses received was as great as could have been ex- 
pected ; and the result was that about eighty-two per cent of 
those who voted favored and eighteen per cent opposed the 
adoption of ** a Standard System of Live Loads for Railway 
Bridges " similar to that proposed by the author. Eighty -two 
per cent also of those who voted were in favor of abandoning 
the " Concentrated Wheel-Load Method," and eighteen per 
cent were in favor of retaining it. Of the former, seventy- 
eight per cent favored the ''Equivalent Uniform-Load 
Method," and twenty-two per cent were in favor of either 
the "Single" or the "Double Concentration Method." A 
number of gentlemen who responded made valuable sugges- 
tions in respect to the standard system of live loads propound- 
ed, and by the aid of these the author prepared a proposed 
"Compromise Standard System of Live Loads for Railway 
Bridges." and submitted the same, as before, for final ballot 
in May 1893. 

The number of replies received showed that great Interest 
was taken in the question ; and the result of the ballot was 
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ninety per ceut in favor find ten per cent opposed to the pro- 
posed stnDdard. 

Next the pamphlet was published and distributed quite gen- 
erally among those engineers interested in the subject of 
bridges, a copy being sent not only to every one who had re- 
plied to the ballots, but also to every railroad chief engineer 
in the United States, Canada, and Mexico whose address was 
given in Poor's Manual. To these chief engineers there was 
also sent another circular letter with a ballot that read as fol- 
lows: 

^ Do Nof ^Aeree *^ "®® *^® " Compromise Standard System 
of Live Loads for Railway Bridges " when calling for bids on 
railroad- bridge work, or when having plans prepared for rail- 
road bridges. 

^ Do Not Agree ^^ ^P^^^ *^*t *^^ " Equivalent Uniform- 
Load Method" is to be used in computing stresses in the 
bridges that are to be designed for my road. 
Signature of Voter. 



Chief Engineer of the 



Over one hundred chief engineers thus addressed voted in 
favor of both propositions, and very few were opposed. 

The pamphlet has now been in use more than four years, 
and has been in such demand that the first edition (u large 
one) has been exhausted. All those who have used its methods 
indorse heartily both the loads specified and the Equivalent 
Uniform- Load Method. 

METHOD OF UTILTZIKa THB EQUIVALENT LOADS. 

In calling for bids on bridge-work to be accompanied with 
designs for the structures, a railroad engineer can nominate 
any bridge specifications whatsoever, standard or otherwise, 
and at the same time specify that the live loads arc to be 
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taken from the "Compromise Standard System/' and that the 
"Equivalent Loads'* thereof are to be employed. 

In this "System" will be found from " Class Z" to "Class 
T," inclusive, a close approximation to any live load that an 
engineer is likely to want to use ; and if, for a certain cur- 
load, some engineer should prefer a heavier or lighter engine- 
loading, he can obtain practically what he wishes by speci- 
fying that one class is to be used for floor systems and primary- 
truss members, and another class for main>trus8 members. 
The author does not advise this, however, except in the case 
of double-track bridges, where it would be advantageous to 
use a certain class for floor systems and primary-.truss mem- 
bers, and a lighter class for the trusses, because the chances 
of there being two, full, maximum train-loads on the span at 
the same time are generally very small. It might be well to 
carry this idea even further by specifying, for instance, 
"Class V " for stringers, " Class W " for floor- beams and pri- 
mary-truss members, and "Class X" for main-truss members 
of double-track bridges. Such a method would be in accord- 
ance with the theory of probabilities ; but it would not apply 
to single-track bridges, for which the locomotive and car 
loads of the "Compromise Standard System" have been 
properly adjusted. 

The ** Equivalent Uniform-Load Method" reduces to a 
minimum the labor of making computations of stresses in 
bridges. The correctness of this statement will be rendered 
evident by the ensuing explanations of the use of the method. 
As for its exactness, if any-one has any doubt whatsoever 
about its closeness of approximation to the theoretically cor- 
rect method of wheel- concentrations, let him read the author's 
letter iu the Railroad Gazette of July 28, 1898. An inspection 
of Table I of that communication shows that no reasonable 
man can object to the "Equivalent Uniform-Load Method" 
because of its want of exactness. 

In designing a bridge, one commences naturally with the 
stringers, then passes to the floor-beams; and aftcrwai-ds to the 
trusses ; so let us follow this order. 
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STHINGBRS. 

From Plate III find the eqiiivaleot litre load per lioeal foot 
for a span equal to the panel length, add to same the assumed 
weight per foot of two stringers and the floor they support, 
and divide the sum by two> calling the result to ; then find 
the total bending moment at mid-span by substituting In the 
well-known formula, 

where I is the panel length in feet, and M is the required mo- 
ment in foot-pounds. 

Should the total end shear be required, it can be found for 
each stringer by adding together the end shear given on PI. 
II and the total weight of one stringer ^7lth the floor that it 
carries, and dividing the sum by two. 

FLOOR-BSAMS. 

In proportioning a floor-beam, the important thing to 
ascertain is the total concentration at the point where two 
stringers meet. The live-load concentration is to be found by 
multiplying together the panel length and the equivalent mni- 
form load per lineal foot given on PI. Ill for a span equal to 
twice the panel length, and dividing the product by two. It is 
unnecessary to descri^be here how the dead-load concentration 
at each stringer support is to be found. Nor is it necessary 
to do more than merely mention that the live-load concentra- 
tion obtained for the floor-beam is the same as that required 
in finding stresses in primary-truss members. 

TRUSSES. 

These can be divided into two kinds, viz., those with equal 
panels and parallel chords, and those in which the panel 
lengths are unequal, or the chords are not parallel, or both. 
In the first case, the stresses can be determined most expedi- 
tiously by substitution in tabulated formulsB, and in the second 
case by the graphical method. 
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Gme I, 

From Plate lY find the equivalent uniform live load per 
lineal foot for the given span lengtli and multiply same by 
the panel length, calling the product L. For single-track 
bridges this must be divided by two. All the live load stresses 
in mdn-truss members of single-intersection bridges can be 
found by substituting this value of L in Table XVII. 

Just here it is proper to remark that the ''Equivalent Uni- 
form-Load Method '' is not applicable to trusses of multiple 
intersection ; but the most approved modem practice in bridge, 
engineering does not countenance the building of trusses or 
girders having more than a single system of cancellation. The 
"Equivalent Uniform-Load Method" does, however, apply 
to trusses with divided panels, such as the Petit truss ; but as 
this style of truss nowadays involves almost invariably a 
polygonal top chords its treatment herein will come under 

Case II. 

Where trusses have unequal panels or chords not parallel, 
the first step to take is the finding of all the dead -load stresses 
by the graphical method, starting from one end of the span 
and working towards the middle, where the last stress is 
checked by the method of moments, and the correctness of 
the entire graphical work is thereby proved. 

The next step is to find from PI. IV., as in Case I, the 
equivalent live-load per lineal foot for the span, and there- 
from the value of the panel-truss live-load L, Next set a slide- 
rule for the ratio of dead load per lineal foot and the equiva- 
lent live load per lineal foot for the span, and, by referring to 
the dead-load stresses already found, read off from the rule all 
of the live-load stresses in chords and inclined end posts. 

Next assume that there is an upward reaction at one end of 
the span equal to 1,000 pounds, 10,000 pounds, or 100,000 
pounds (according to the size of the bridge), caused by a load 
placed at the first panel point from the other end of tlie span, 
then find graphically the stress in each web-member from end 
to end of span, caused by this assumed upward reaction. 
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Then calculate the value of the liye-load reaction for the 
maximum stress in each web-member by means of the slide- 
rule and the following formula and table, in which n is the 
number of panels in the span, n' is the number of the panel 
point at the head of the train, counting from the loaded end 

of the span, and C is the coefficient of — . 

Live-load reaction for the head of train at n' = Gx-* 
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Then, still using the slide-rule, find the greatest live-load 
stress in each web-member by the following equation : 

Stress required = 

«. « . J T» ., . Actual Reaction 

Stress from Assumed Reaction X 



Assumed Reaction' 



Where the panels are divided as in the Petit truss, and 
where inclined subposts are employed, the tennle stress in 
the upper half of each main diagonal thus found will have to 

be corrected by subtracting therefrom a stress equal to — sec. 

A, where A is the inclination of the diagonal to the vertical. 
But when inclined subties are used iustcad of inclined sub- 
posts, tlie correction just referred to will apply only to the 
compressive stresses in the loioer halves of the main diagonals. 
The i-eason for making this correction, as will be at once evi- 
dent to any one who is accustomed to finding stresses in Petit 
trusses, is that the method above outlined ignores the sub- 
division of the panels when ascertaining by graphics the 
stresses caused by the assumed upward reaction. 
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In eompftring^ the equiralent loads for spaiui of one hnn- 
died feet, given on PI. Ill, with those given on PL lY, an 
apparent discrepancy will be noticed. This is due to the fact 
that PI. Ill is for plate- girder spans, for which the equivalent 
loads were obtained from the bending moment at mid-span; 
while PL IV is for truss-spans, for which the equivalent 
loads are the average of those at all of the panel points. 



CHAPTER XX. 

TIMBER TRB8TLEB. 

Timber tresUes caa be divided into two generftl classes. 
Tie. : Fir$t, Pile- trestles, or those in which each bent is 
formed of several piles, a cap, and transverse sway^bradng ; 
and, 

8ee<md, Framed Trestles* or those in which each bent is 
composed of squared timbers framed together and braced. 

Owing to the excessive length of piles required for greater 
heights, pile-trestles should rarely, if ever, exceed thirty feet 
in height; while framed trestles, if properly designed for 
rigidity as well as for streugth, may be carried up to much 
greater heights, the economic limit being probably about one 
hundred feet. 

PILK-TRBSTLES. 

The bents of a pile-trestle should contain at least four piles 
each. Where the trestle does not exceed ten feet in height, 
the piles may be driven vertically, and no sway-bracing need 
be used, provided that the piles have a good penetration in 
reliable material. For greater heights of trestle than ten feet, 
the two outer piles of each bent should be giveh a batter of 
from two to three inches to the vertical foot. Each bent 
should also be braced with one or two sets of sway-bracing, 
each composed of two 8" X 10" yellow-pine diagonals, thor- 
oughly bolted to the piles, wherever lliey cross them, by f" 
bolts. Wherever the piles are of irregular sizes, they should 
be trimmed off so as to make the diagonal bracing fit prop- 
erly. 

The piles for such bents should be so spaced laterally as to 
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give great traDsverse rigidity to tlie structure, and at tlie same 
time afford ample support for the caps. A good spacing is as 
follows : Distance centre to centre of outer piles, IT O'' ; dis- 
tance centre to centre of two inner piles, 4' 6". 

The caps should be at least 12" X 14" X 14', placed on edge 
and attached to the piles by means of }" drift-bolts. 

For ordinary pile-trestles in fairly firm soil no longitudinal 
sway-bracing will be required for heights below ten feet; but 
for heights between ten and twenty-two feet, single-deck, 
longitudinal sway-bracing should b3 used in every fifth panel, 
so as to prevent the structure from moving longitudinally as a 
whole because of thrust of trains. For heights greater than 
twenty-two feet, each alternate panel should be braced longi? 
tudinally by double-deck bracing, so as to hold the piles at 
mid-height, and thus strengthen them as columns; the tnmE- 
verse sway-bracing for these cases should also be double-deck 
for the same reason. 

For ordinary pile-trestles up to twenty-two feet, in height 
the panels should be a trifle less than fourteen feet in length, 
wiiile for greater heights either the same length may be used 
or alternate panels may be made from twenty-four to twenty- 
eight feet long by trussing the stringers, according to which 
of the two methods is the more econoniicnl. 

The stringers under each rail should be built of three runs 
of timber, generally sixteen inches deep, the sizes being deter- 
mined from the loading and by using an intensity of two 
thousand pounds for the extreme fibre, when impact is in- 
cluded. The stringer timbers are to be separated from each 
other at the panel points by means of timber packing-blocks^ 
Avbich are to serve also as splice-timbers. These timber blocks 
should be at least three inches thick and six feet in length, 
and should have at least four bolts through them. They are 
to be separated from the stringers by small cast-iron fillers 
three quarters of an inch thick, so as to prevent the timbers 
from coming in direct contact with each other. The splice- 
timbers must be made wnde enough to project an inch or two 
below the bottoms of stringers, and must be notched over the 
caps so as to hold the stringers firmly in place. The distance 
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from centra to centre of middle stringers sliould be five feet. 
Intermediate ctist-iron separators with bolts should be used 
between adjacent stringer-timbers, at distances not to exceed 
five feet centres. 

The length of the stringer-timbers for ordinary trestles 
should be twenty-eiglit feet» ^o as to extend over two panels, 
and thus stiffen the floor system materially. 

The ties should be 8" X 8" X 10'. They should be dapped 
over the stringers at least oue-balf inch and spaced thirteen 
inches from centre to centre. 

Inside and outside guard-rails should be used for all tres- 
tles, and at each end of every trestle some satisfactory kind of 
rerailing device should be used. The outer guard-rail should 
be made of a 6" X 8" timber laid flat and dapped one inch on 
the ties. The inner faces of the outer guard-rails should be 
spaced not less than twelve inches from the gauge-planes of 
rails. The inner guard-rail should be 6" X 8", laid flat and 
dapped one inch on the ties. The outer faces of the inner 
guard timbers should be placed Ave or six inches inside the 
gauge-planes of rails. Both inner and outer guard-rails 
should be bolted to alternate ties by three-quarter-inch bolts, 
which must pass through the stringers also. Th(; heads of 
these bolts should be countersunk into the tops of the guard- 
rails by means of cup-shaped washers. 

FRAMED TRESTLES. 

• 

For trestles of greater height than thirty feet, and for less 
heights under certain conditions, it will be necessary to use 
framed bents. The foundations for these may be provided b}'' 
driving piles and cutting theui off above the ground, by using 
timber sills, or by building small masonry piers. 

In all such trestles it will be necessary to brace the struc- 
ture thoroughly, both transversely and longitudinally. 

All framing of bents should be done in such a manner as to 
tie all parts firmly together. 

For very high trestles it will be economical to increase tlic 
lengths of alternate panels to twenty-five or even thirty feet, 
and truss the stiingers. 
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Tbe Iong;itudiDnl bracing should cousist of diagonals of tim- 
ber of suitable dimensions, in alternate panels, with horizon- 
tal struts made continuous at bracing panel poitits throughout 
all panels. 

In addition to the ti-ansverse and longitudinal bracing pre- 
yioiiisly described, all trestles on sharp curves should be pro- 
vided with a lateral system composed of timber diagonals 
spiked to caps and to bottoms of stringers^. 

What has been said in regard to flooring for pile-trestles 
applies also to framed trestles. 

The compression-members, when impact is included in the 
stresses, are to be proportioned by tlie formulDB 

p = 1700 - 0.4^^y 

for long-leaf yellow-pine and hard woods, and 

p = 1000 - 0.2Q* 

for white pine, short-leaf yellow pine, and soft wppds, in 
which formulae I an<l b are respectively, in the same unit, the 
unsupported length and the least transverse dimension of tbe 
strut. 

8FECrE!ICATIONS FOB TIfiCBBB TBESTIjES. 

CLEiLBING AWAY RUBBISH AND PREPARING GROUND FOlt 

STARTING WORK. 

Before beginning work on any trestle, all rubbish, logs, 
trees, and brush must be cleared away, and all combustifoie 
material must be burned or removed for the entire width of 
the right-of-way. 

DIMENSIONS 

All posts, braces, stringers, ties, guard-rails, sills, and all 
timber generally, shall bei of the exact dimensions given and 
figured in the drawings. No variations from these Will be 
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allowed, except upon the written consent of the Engineer or 
liis duly authorized repi^esentative. 

DBAWINOB. 

The drawings will be made to the scales indicated, but in all 
cases the figures are to be followed iu preference to the scale, 
where there is any discrepancy between the two. The draw- 
ings are to be followed exactly, cxceptuig in cases of errors or 
omissions, which must be referred to the Engineer for correc- 
tion or for additional information. 

TIMBER. 

All timber shall be of good quality, and of such kinds as 
the Engineer may direct. It must be free from wind-sbakes, 
wanes, black, loose, or unsound knots, sap, worm-holes, and 
all descriptions of decay, or any other defect which would 
impair its strength or durability. It must be sawed true and 
out of wind, and to exact dimensions. Under no circum- 
stances will any timber cut from dead logs be allowed to be 
placed in any portion of the structure; but all timber must be 
cut from living trees. 

FIIiBS. 

The piles are to be cut from good, live treea of such varieties 
of timber as nuiy be selected by the Engineer. They must be 
straight, sound, and perfectly free from wind-shakes, wanes* 
large, loose, black, or decayed knots, cracks, worm-holes, and 
all descriptions of decay; and they must be stripped of all bark. 

If square piles are to be used, they must be hewed square 
and not sawed, but must be as free as practicable from axe- 
marks. Square piles must be at least twelve (12) inches across 
the face, and must show not more than two (2) inches of sap 
across the corners. 

The sizes of round piles will depend upon their length, but 
in no case shall they be less than nine (9) inches in diameter 
at tips. They shall be so nearly straight that a right line, 
taken in any radial direction and running parallel to a right 
Une Joining the centres of ends of pile, shall show that the pile 
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Ib at no point over one third of its diameter at such point out 
of a straight line. All piles must show an even and gradual 
taper from end to end ; and the tip ends are to be pointed in 
an approved and workmanlike manner. Wherever the piles 
are liable to encounter logs, bowlders, or any other material 
which is liable to split or injure them, the ends are to be pro- 
tected by cast or wrought iron shoes. < 

Whenever in driving it becomes apparent that the hammer 
is splitting or injuring the head of a pile to any material ex- 
tent, the top is to be banded by a heavy wrought-iron ring 
while the pile is being driven. 

All piles must be cut off at tops to an exact line so that the 
caps will bear evenly on all the piles of the group. 

All piles injured in driving, or that are driven out of place, 
shall either be cut off or withdrawn, as the Engineer may elect, 
and others shall be driven in their stead. 

Whenever the heads of the piles are of greater diameter than 
the width of the caps, they are to be adzed off at the tops at 
an angle of about forty-five (45) degrees, so as to be flush with 
the sides of the caps. 

All piles must bu accurately spaced according to plans, and 
those beneath the track-stringers must be driven vertically. 

All battered piles must be driven to the angle shown on the 
drawings. Where piles of different diameters are used in the 
same bent, the large piles must be adzed off where the diago- 
nal braces Cross them, so that the diagonals will not be bent out 
of line. 

FRAMINQ. 

All framing must be done to a close fit, and in a thorough 
and workmanlike manner. No blocking or shimming of any 
kind will be allowed in making joints, nor will any open joints 
be accepted anywhere on the work. 

All joints, ends of posts, ends of piles, etc., and all surfaces 
of timber which are to be placed in direct contact with other 
timber or with masonry, must be thoroughly painted with hot» 
creosote oil, and then covered with a good coat of hot asphid- 
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turn, or such other material or materials as may be selected by 
the Engineer. 

All holes of any kind, which are bored in any of the timbers, 
are to be thoroughly saturated with hot asphaltum, and all 
bolts and faces of washers, which ui-e to be^ placed in d irect 
contact with the timber, are to be warmed and dipped in a vat 
of the same material. 

The holes for all bolts of three quarters (}) of an inch or 
more in diameter are to be bored one eighth (^) inch less in 
diameter than that of the bolts which are to be used in them. 
For smaller bolts, the holes are to be bored one sixteenth (^) 
inch less than the diameter of the bolts. 

All caps are to be thoroughly drift-bolted to tops of piles. 
All bracing timbers are to be bolted to piles, caps, or other 
timbers wherever they cross them. The ends of all stringere 
shall be firmly attached to caps by means of drift-bolts, timber 
cleats, or some other method which, in the opinion of the En- 
gineer, is equally good. 

For structures on curves, the superelevation of outer rails 
is to be provided for by bevelling the ties, not to exceed three 
(3) inches in five feet, or by dapping inner stringers on caps 
not to exceed two (2) inches, or, where the required superele- 
vation is too great to be provided for by either of the two 
methods named or by a combined use of them, by cutting off 
the tops of the piles on an inclined plane. The last method 
is not to be resorted to unless it be absolutely necessary, and 
then extreme care must be taken to cut the piles off so that 
their tops will lie in a true plane. In no instance is this to be 
done when framed bents are used, as the inclination can then be 
given in cutting the tops of the bent posts to receive the caps. 

MKTAL-WORK 

All bolts, nuts, and dowel-pins shall be made of soft steel or 
wrought iron of the same quality as that specified for adjust- 
able members of bridges in Chapter XVIII. Preference will 
be given to screw-bolts of soft steel with cold-pressed threads. 

All bolts must be practically perfect in every respect, and, 
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wlijQreyer neoossftry. ih&j mu3t be proTidod with outs aad 
threads of the standard size required for their dlai«(9ter. The 
thickness pf a u^X shaU act be les9 thaa the (jUameter of the 
rod for which it is lAteoded, aad the side of a square nut muot 
not be less thaa twice the diameter of the bolt. The beads of 
all bo^ta shall be of the same aise as the nuts required for the 
screw ends. All screw-bolts, drift-bolts, and dowel-pjUis shall 
be made truly straight before being driveo, and all nuts must 
be screwed up tight against the washers. All nuts and heads 
of bolts n^ust haye heavy O.G. washers between them and the 
timber. All washers are to be made of cast iron of good qual- 
ity, and must be sufficiently large and thick to provide properly 
for distributing the pressure due to the greatest allowable ten- 
sion in the bolts over the area of the washers. They must he 
finished in a neat and workmanlike manner, and must be free 
from air-holes, cracks, cinders, and other defects. All spacers 
are to be noade of cast iron, unless otherwise specified, and 
must be of the same quality and finish as specified for the 
washers. 

BRECTION, DSFOCTIYB WORK, DIBBCTI0N8 TO COSTTBACTOSi 
CLOSING THOBOUGHFABB8, RB8FON8IBII/ITT FOB AQCUXBUKTSf 
DAMAGB8, ALTBBATION OF PLANS. 8TBICTNEB8 OF INBPBG* 
TION, SPrBIT OF THB SPECIFICATIONS, BNGINBBB, ASD TBN- 
DBB8. 

See Chapter XVIII. 



CHAPTER XXI. 

IN6PXCTION OF MAT|BaiAL8 AND WORKMANSHIP. 

Urless all tke materiuls used in a structure and all work- 
manship during tlie various stages of manufacture at the shops 
and of coystructiou in the field be subjected to competent and 
honest inspection, much of t4ie benefit obtained by scientific 
design and thorough specifications will be lost. 

For many years most of the inspection of structural metal- 
work was a sad farce ; and, in consequence, the general public 
placed but little confidence in inspection, with tbe result that 
a large portion of the bridge- work of the country was left 
entirely to the tender mercies of the manufacturers, who nat- 
urally worked for their own interest and not for that of the 
purchasers. Latterly, however, owing to the efforts of a few 
first-class inspecting bureaus, the status of inspection has been 
somewhat improved, although it is far from being to-day what 
it ought to be. In making this last statement the author 
speaks advisedly, in that he has suffered considerably, even of 
late years, from bad inspection in such matters as the insertion 
of a rust-joint in a turntable between the bottom of drum and 
top of upper-track segments, where no such filling was allowed 
in either plans or specifications; badly matching holes in field 
connections; pinholes too small for pins; important membera 
omitted in shipping; eye-bars made longer than called for by 
the drawings ; great recesses in webs and fillers at ends of 
girders; and shop-paint applied over half an inch of frozen 
mud. Such things, to say the least, are extremely annoying, 
and often cause great expense during erection. 

Primarily, the blame for such errors must fall on the in- 
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spectors, for such egregious bluuders should aever escape 
their observation. But they are by no means entirely to blame 
for the fact that the inspection of structural steel in general is 
not what it ought to be ; because back of them are the railroad 
managers and promoters of large enterprises, who do not rec- 
ognize the necessity for first-class inspection, and who are often 
not willing to pay one half of what such inspection is worth. 
Here again, though, the inspectors are to blame, for the reason 
that in the keenness of their competition for work they have 
cut prices to such an extent as to make it impossible to do 
proper inspection without losing money. When pinned down 
to facts they have to confess this. The coolness of some of the 
"small fry" inspectors is often amusing. The author was 
once hauled over the coals by one of this class who had put in 
a low bid for some inspection, and whose tender had been re- 
jected because of the low figure, the work having been 
awarded to one of the regular inspecting bureaus at about fifty 
per cent more than the unsuccessful bidder asked. After 
expressing his mind pretty freely, he fired this parting shot : 
*' Well, I never intended to do thorough inspection for you» 
anyhow. " 

The inspection business has been utterly demoralized in 
times past by Just such action as that contemplated by this 
inspector ; for it was the general custom, and is yet to a cer- 
tain extent with some inspectors, to take contracts for inspec- 
tion at whatever figures the purchasers are willing :to pay^ 
then handle the work so as not to lose money on the contract, 
regardless, of course, of the interests of their employers. 

Strange tales concerning inspection come to the ears of 
engineers— such, for instance, as passing car-load after car-load 
of metal-work that was not seen by the inspector until after 
loading for shipment ; but such tales need verification, which^ 
of course, it is nobody's business to give them. There is no 
doubt, though, of some of them being authentic. In one case 
in the author's experience the inspector left his work for ten 
days in e/ia/rge of one of the bridged-company* s ehipping-derkB^ 
without notifying either the author or his direct employers, 
the inspection bureau, of his contemplated absence. Such 
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actions as this make one entertain doubts sometimes as to 
whether inspection reuUy pays. 

It is possible that the general demoralization of metai in- 
spection by iusufflcieut prices and keen competition has low- 
ered the quality thereof to such an extent that even the highest 
possible prices would not make it, for some time to come, 
what it ought to be ; because not only are the assistant in- 
spectors lacking in proper training and thoroughness, but the 
manufacturers have become accustomed to a certain class of 
inspection, and would deem it a hardship to be subjected to 
much more rigid requirements. Eventually, however, the re- 
sulting improvement in manufacture of metal-work would be 
an advantage to the manufacturers as well as to the pur- 
chasers. 

A decided improvement in inspection can be brought about 
only by concerted action on the part of the principal inspecting 
bureaus and inspectors of the country, backed, of course, by 
the aid of all engineers who are directly interested in the de- 
signing and building of structural metal work. If these in- 
specting bureaus and inspectors of established reputation were 
to form an association for the purpose of determining wluit 
inspection should consist of, and what minimum rates should 
be charged therefor by all members of the association, and if 
admission to the association were based upon both experience 
and good faith, it would be practicable to make veiy quickly 
the improvements requisite for bringing inspection up to an 
almost ideal standard of excellence. For a while a good deal 
of work would go to the inspectors outside of the association ; 
but ere long the general public would become educated to the 
fact that good inspection of metal-work is a necessity, and 
that it can only be obtained by paying living prices to those 
who do the work. 

Engineers, in order to aid in the good work of the associa- 
tion, should refuse to include the price of inspection in th^r 
fees for engineering work, and should make it a rule to em- 
ploy for doing their inspection only members of the associa*^ 
tiop. 

Certain engineers of high standing have spoken slightingly 
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of this proposition to form an association of inspectors, term- 
ing it a " trust." Strictly speaking, it certainly would par- 
take of the nature of a trust, but it would be a gpod and 
worthy one, whose main object would be to effect a much- 
needed reform. On the same basis the Americaii Institute of 
Architects is a trust, for the reason that it establishes a mini- 
mum fee of five per cent for the making of plans and specifi- 
cations and for the services of an inspector on all building 
work; and surely such an organization should not foe oou- 
demned on this account. On the contrary, the architects have 
set the engineers a good example in forming this association ; 
and, until engineers follow their lead in this particular and es^ 
tablish minimum fees for professional work, the engineering 
profession will full to attain its highest degree of efficiency, 
and will therefore not be properly recognized as a profession 
by the genei'al public. 

Returning to the question of the inspection of stmetural 
steel, the author herewith presents, as his idea of what good 
Inspection should consist, his standard instructions to the in- 
specting bureau which he employs and to its inspectors at 
mills and shops. 

First. Study carefully the engineer's drawings as soon as 
they are finished, and make out a list of special points and 
features that will require extra care in the shops to secure 
good workmanship and proper fitting, then make out a type- 
written report of these and submit it without delay to the 
Engineer. 

Second. Study carefully, as soon as they are finished and 
appi'oved, all shop drawings, so as to become thoroughly 
familial* with the entire construction. 

Third. Make sure that metal of uniform character and of 
the strength, elasticity, and ductility specified is furnished by 
the rolling-mills, following the metal from one process to an- 
other from start to finish, and making sure that the test-pieces 
broken represent correctly the metal they are supposed to 
i*epreseDt. 

Fourth. Check the chemical analyses of the metal occasion«> 
allj, so as to see that they are properly made, taking care that 
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the Contractor is infoTmed as to what piece the samples are 
taken from, so that he can make a check test, if he so desire. 

Fifth. See that nil the various tests indicated in the specifi- 
cations are made faithfully, the number of same depending 
upon the relative uniformity of the metal furnished. 

Sixth. Make sure that all the punching is done with sncli 
eare that the assembled parts will come together so as to make 
the rivet-holes match so accurately that when the reaming is 
finished there shall be no irregular holes. 

Seventh. Make sure that all pieces are cut to exact length 
and proper bevel, that all web-stiffening angles bear perfectly 
at top and bottom against flange angles, and that there are no 
loose rivets. 

Eighth. Wherever rivets with flattened heads or counter- 
sunk rivets are called for, make sure that they are properly 
chipped or otherwise brought to correct dimensions; also see 
that the ends of all members are limited to the lengths beyond 
the last rivet or pin hole shown on the drawings. Give par- 
ticular attention to the ends of all posts and chord-members to 
see that the '* over-all " and the clear dimensions between jaws 
correspond faithfully to those indicated on the drawings. 

Ninth. Take some effective means of ensuring that the en- 
tire work shall go together properly and without difficulty 
during erection, and so that when completed it shall conform 
in every particular with the Engineer's design, even if, to ac- 
complish the same. It be necessary in special cases to assemble 
the entire work at the shops. ' 

Tenth. Watch carefully the punching and handling of the 
metal in the shops, so as to see that no cracks develop therein, 
and that the metal withstands properly the manipulation, 
showing as perfect homogeneity as is found in the best struc- 
tural steel. 

Eleventh. Condemn, as soon as it is discovered, any material 
unfit in the slightest degree for use in the structure, no matter 
how many times it may have already been inspected and 
passed. 

Twelfth. See that all metal-work is properly cleaned by the 
most approved methods and apparatus before the first coat of 
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paint is applied, and that the latter is allowed to dry thor: 
oughly before the metal-work is loaded on the cars for ship- 
ment. 

Thirteenth. See that all shop painting is thoroughly done» 
and that proper paint, mixed so as to comply with the specific 
cations, is invariably used ; and make an occasional chemical 
analysis of the paint, taking care that the Contractor is notified 
of the contemplated test after the samples are taken, in order 
that he may make a check analysis, if he so desire. Take 
special care to prevent any pieces of metal from being riveted 
together, unless the contiguous faces be first thoroughly 
painted. 

Fouiteenth. Insist upon the discharge of any employee of the 
Manufacturing Company who wilfully violates or continues 
to violate the specifications and the instructions given by the 
Engineer or liis inspectors. 

Fifteenth. While endeavoring in every possible way to ob- 
tain good work, avoid as much as possible doing anything to 
annoy or harass the Contractor; but, on the contrary, take 
special pains to aid him in every legitimate manner to finish, 
his work quickly and inexpensively. 

Sixteenth. Formulate and prepare for each large piece of 
work the best practicable method of recording progress and- 
reporting thereon, and divide up the total work into groups or 
sections, so that the notes may be easy for reference. This 
should be done by the inspecting bureau, and should not be. 
left to the shop inspector. 

Seventeenth. Send into the office of the Engineer regular 
weekly reports concerning the progress of the work, any 
special reports that from time to time appear to be required,, 
the tabulated results of all tests of materials, and copies of all 
shipping bills. 

Eighteenth. Make sure that all shipping weights are correct 
by seeing the metal weighed, and keep account of the weight 
ef all metal sent out on the work, as the Contractor will be paid 
by the pound. It will be necessary for the inspecting bureau 
to check all of these weights against the shop drawings tu 
ahow how they agree or disagree. A detailed statement of 
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both sets of weights must be sent to the Eogineer upon the 
completion of the contract, or, at his request, upon the comr 
pletiou of any definite portion thereof. 

Nineteenth. The inspecting bureau shall, under no ciroumo 
stances whatsoever, intrust responsible work of any kind to 
insufficiently trained assistants. When new inspectors are tq 
be broken in, they must receive their trainicg in such a way 
as not to jeopardize in the slightest degree the quality of thei 
mateiinl or workmanship. 

Twentieth. Finally, and in short, do all you can to make the 
structure in every sense of the word a credit to all concerned 
in ils designing and construction. 

The author has had made for him lately by Mr. R. T. Lewis, 
one of his inspectors, a rather interesting seiies of tests to de- 
termine the average accuracy of punched rivet-holes. These 
tests were made after the metal Wi^ assembled for reaming by 
inserting rods of various diameters in the assembled holes.. 
From the results of these tests the author has prepared the 
following clause for the specifications given in Chapter XVIII. 

"All punched work shair be so accurately done that, after 
the various component pieces are assembled and bafore the 
reaming is commenced, forty (40) per cent of the holes can be 
entered easily by a rod of one sixteenth (^) of an inch less 
diameter than that of the punched holes; eighty (80) per cent 
by a rod of a diameter one eighth (}) of an inch less than same; 
and one hundred (100) per cent by a rod of a diametiT one 
quarter (J) of an inch less than same. Any shop-work not 
coming up to this requirement will be subject to rejection by 
the inspector." 

It will be noticed that this specification does not reject 
absolutely all work that does not come up to its exact require- 
ments, the inspector being allowed some latitude in distin- 
guishing between simple and complicated shop-work, impor- 
tant and unimportant connections, and the assembling of few 
and of numerous component pieces. 

If the Association of Inspectors herein suggested were estab- 
lished, it could do good work for the engineering profession 
by laying out a series of tests of full-sized members and details 
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of bridged and other structural metal- work, to be made from 
time to lime as a portion of the inspection for large contracts. 
This would need the assisttvnce oif the consulting eogineers, 
who, In preparing their specifications, should include, as a 
part of the work of the manufacturers, the making, under the 
supervision of the inspector, of certain tests of full size parts^ 
it being understood at the outset that the results of such tests 
lEdiall be of direct value to the accomplishment Of the work 
covered by the specifications. The author has for the past five 
years been endeavoring in this way to obtain some much- 
needed information concerniug the strength of both main 
members and details of bridges and elevated railroads; but his 
attempts to have the tests made have not always proved suc- 
cessful. 

As for the proper price to pay for first-class inspection, the 
author would state that some thriee years ago he subinitted to 
several of the priucipal inspectiug bureaus a draft of instruc- 
tious to inspectors at mills and shops, similar to those incor- 
porated in this chapter, witli a request that they tender upon 
inspecting for him, according to said instructions, a large 
oi-der of structural steel ; and that the bids received varied 
from one dollar to one dollar and twenty-five cents per ton of 
two thousand pounds. Subsequent experience has proved to 
the author that such inspection as he then called for is worth 
fully one dollar per ton for large orders and a trifle more for 
smaller ones ; although it is very seldom that such a priqe is 
paid in this country for inspection. 

In respect to inspection of mateHals and workmanship in 
the field, the following instructions, which the author has pre- 
pared for his field forces Of engineers and inspectors, will be 
found to cover the subject pretty thoroughly. 

(a) metal-work. 

First. Examine with the greatest care all of the metal-work 
as fast as it is delivered, so as to make sure that it has not been 
injiu*ed during transportation, and keep an eye on it there- 
after to see that it is not injured during erection. See also 
that there are no missing parts. 
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Second. See that the metal-work goes together properly and 
expeditiously, and report to the Engineer all necessity for 
chipping or filing on account of bad shop- work. 

Third. Watch carefully the riveting to see that no burnt 
rivets are used, that all field-rivets are driven in accordance 
with the specifications, and that no loose rivets are left in the 
work. 

Fourth. See that all vacant spaces in the metal-work are 
completely filled with paint-skins or other water-proof mate- 
rial before the painting is begun. 

Fifth. In elevated-railroad work see that during the erec- 
tion of the metal- work the lengths of the girders are sufficiently 
correct to prevent all possibility of using up the spaces pro- 
vided for expansion, assuming the greatest temperature of the 
metal to be one hundred and twenty-five degrees. See also 
that the expansion and contraction of the structure cannot in- 
jure the stairways. 

Sixth. In drawbridges, see that the masonry of the pivot- 
pier is levelled off with the greatest accuracy, and that the 
lower trackHsegments are set to exact position and level, thus 
making a perfectly conical surface for the rollers. See also 
that the latter are adjusted so as to bear evenly at top and bot- 
tom against both upper and lower track-segments. 

Seventh. See that the ends of draw-spans are properly 
adjusted by means of the shimmiiig-plates on the rest- piers 
and those in the bottom chords near the pivot-pier. Make 
sure that in every particular the draw is reversible end for 
end; and see that all shafting is properly aligned so that there 
will be no binding in any of the bearings. 

Eighth. See that, before the operating machinery is tested, 
all sliding or rolling surfaces are thoroughly lubricated, and 
that the turntable is cleared of all obstructions, such as nails, 
etc., on the lower track-segments. Then make a test of the 
machinery and compute therefrom the horse-power required 
to operate the draw. 

Ninth. See that all anchor-bolts are set in exact position and 
to correct level, and that they are properly grouted in. 

Tenth. In placing the bearings for arches, take the great- 
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est care that the centres an^ set to esaot poBition and level, 
and that the bearings for the metal-work on the masonry are 
perfect. 

Eleventh. Whenever there are any adjustable rods used in 
a structure, see that they are properly tightened before the 
work is left, taking care that they are not screwed up more 
tightly than is really necessary. 

(b) BATIiS. 

First. Examine all rails as soon as received, so as to see that 
there are no poor ones which have escaped the rail-inspector's 
eye, or which have been loaded for shipment after being re- 
jected. Inspect also all other track-metal, such as angle-bars, 
bolts, and braces, so as to see that they are of the correct type 
and are delivered in good shape. 

Second. See that all rails are laid to exact line and level, 
and that they bear properly everywhere. 

Third. In draw-spans, make sure that the track-rails at the 
ends will not interfere with the operation of the draw. 

(C) PAINTING. 

First. See that, after proper cleansing and retouching with 
paint, the metal-work receives its first field-coat of paint as 
soon as practicable after erection, and that the next coat is 
applied as soon as practicable after the first field-coat is 
thoroughly dried, but in no case before. 

Second. Make sure that all paints used are of the proper 
color, quality, and consistency, and that no cululterants or 
thinners are used ; also, that all paint is properly applied. 

Third. Look carefully to the painting of all close spaces 
between metal, and see that it is done effectively with a piece 
of cloth, according to the specifications. 

Fourth. See that all portions of the metal-work, which are 
to rest on the masonry or which are to be embedded in the 
concrete, receive their two field-coats of paint in due time, so 
as to dry thoroughly before the said metal^work is erected. 
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(D) EXCAVATION. 

First. Watch carefully all excavation so as to make sure 
that it is done in strict accordance with the specifications and 
with the City Ordinances, if there be any. Bee that, in doing 
the excavation and in building the structure, the Contractor 
does not obstruct public traffic. 

Second. In foundation- work in cities, see that all pipes and 
sewei*s are moved properly and coupled or spliced effectively 
after being uncoupled or cut. 

Third. Whenever there is any doubt about the proper re- 
sistance of any foundation, test it by loading it by means of a 
properly designed and built apparatus. Always ram thor- 
oughly any foundation where the resistance to load would b« 
increased by such ramming. See that the material from the 
sides of the pits is prevented from falling in. 

Fourth. See that all surplus material is removed expedi* 
tiouslj from City streets, and that, whenever any piece of con- 
struction is completed, all falsework, rubbish, etc., are re- 
moved from the site and are deposited in an unobjectionable 
place. 

(b) founpations. 

First. See that the bed-rock is always properly prepared to 
receive the caisson or masonry, as the case may be, letting the 
caisson into the rock so as to provide an even bearing around 
the cutting edge, and levelling or stepping off or filling up 
with concrete to receive the latter. 

Second. In elevated-railroad work, see that wherever 
columns are located in the street their feet are properly en- 
cased in concrete, and that cast-iron fenders are correctly set 
around the columns and filled with concrete and grouting, then 
sealed effectively against the ingress of water. See also that, 
after the columns are up and encased, the pavement is relaid 
in a substantial manner, to the satisfaction of the City au- 
thorities. 

Third. When large steel cylinders are used, see that they 
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are kept well braced with timbers on the inside during sins- 
ing, so as to avoid all possibility of collapse. 

Fourth. See thut proper guides are provided for all cais- 
sons and cylinders, so that they can be kept in exact horizontal 
position during the entire sinking. 

Fifth. See that the tops of all piers are properly finished off 
to receive the superstructure, taking care that all bearings are 
made perfectly smooth and to exact level. 

(f) caissons. 

First. In building timber caissons, see that the plans are 
followed exactly, and that the full quantum of timber bolts is 
used ; also, that short timbers are not put in where long ones 
are called for. See that all timbers are properly framed. 

Second. lu sinking caissons, see that they are never allowed 
to deviate materially from con-ect position, and that all errors 
of position are corrected as soon as possible after they are dis- 
covered. 

Third. In filling working- chambers of caissons, see that the 
concrete is packed tightly against the roof, and that no voids 
whatsoever are left therein. 

(g) cement and concrete. 

' First. Test all the cement, according to the special instruc- 
tions therefor, so long before it is needed for use that the 
Contractor shall not be delayed by such testing. 

Second. See that all cement is housed so as to be protected 
effectively from the weather, and that no dampened or other- 
wise injured cement is allowed to be used on the work. 

Third. Inspect as soon as delivered, and if possible before 
it is dumped on the ground, all sand and broken stone, so as 
to make sure that they comply in every particular with the 
specifications; and insist always upon all of these materials 
that are rejected being removed immediately from the vicinity 
of the bridge site. 

Fourth. See that strong and proper forms for concrete are 
used in the construction of all pedestals, and that all visible 
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portions of the latter are liDished off smooth, the top surface 
being brought to exact elevation and made perfectly level. 

Fifths See that all concrete is mixed according to the speci- 
fications, that it is put in place immediately after mixing, and 
that it is thoroughly rammed. 

Sixth. See that no injury is done to the concrete in remov- 
ing the timber form^, or, if any be done, that it bo properly 
repaired ; also, that the timber be left in whenever its removal 
would tend to injure the work. 

Seventh. When concrete is placed under water, see that 
either a tr§mie or proper collapsing-bucket be used, and that 
the water be not permitted to injure the concrete. See also 
that all such concrete is mixed extra rich. 

(h) filing akd trbstlework. 

First. See that all piles conform in size, quality, and 
straightness with the requirements of the specifications, even 
if they have been already passed by the timber inspector be- 
fore shipment, and reject any that are unfit for use. 

Second. See that all piles are driven straight and in proper 
position, and that the tops are not unduly injured in driving, 
having the said tops banded, whenever necessary to prevent 
splitting. 

Third. See that all piles are cut off at the exact elevation 
required, and that the caps are properly drift-bolted thereto. 
On curves see that the superelevation is obtained properly, 
and not by shimming up on the caps. 

Fourth. See that all sway -bracing is bolted effectively to 
the piles and caps. 

(l) TIMB£R, FLOORIXa, AND HAND-RAILS. 

First. Inspect all timber as soon as delivered, marking 
plainly all rejected pieces ; and see that all such pieces are 
removed from the vicinity without delay, in order to prevent 
their being put into the structure without the knowledge of 
the resident engineer. It is, of course, permissible to use the 
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good portions of rejected timbera ; but in doing so great care 
should be exercised to prevent the workmen from putting any 
poor material into the work. The fact tliat all the timber i-e- 
ceived had been previously accepted by the timber inspector 
is no reason for using unsatisfactory matenal ; moreover, 
sometimes it happens that timbers which the inspector has 
never even seen are marked with his stamp and shipped. 

Second. See that the floor system is properly laid and 
attached to the metal- work, that each rail bears effectively 
upon every tie which it crosses, and that the rails are laid 
stiaight, evenly, and to exact grade. 

Third. See that the h:ind*niiliug is brought to proper align- 
ment, and is held there in a permanent manner. 

Fourth. See that all joists in highway bridges are properly 
dapped on floor-beams so as to bring all of their upper sur- 
faces to exact elevation or elevations ; also, that all inter- 
mediate joists lap past each other far enough to reach entirely 
across the top flanges of the floor-beams. See that the outer 
lines of joists abut and run continuously, and that they are 
effectively spliced on the inside. 

Fifth. See that all joists in which the depth exceeds four 
times the thickness are bridged at distances not to exceed 
eight feet, and that when the hand>railing depends for its 
rigidity^ upon tbut of the outer joists the latter are well 
bridged and otherwise stiffened where the posts are attached. 

Sixth. See that alternate bolts attaching guard-rails to 
floor pass through both the flooring and the outer joists, and 
that all holes through the latter are bored in the central plane 
of the joist. 

(j) MASONBT. 

First Inspect all stone as soon as received, so as to see that 
it has not been injured in transit, and that it is satisfactory in 
every particular, even if it has already been passed by the 
stone inspector. 

Second. See that all stones are thoroughly cleaned and wet 
before being laid. 

Third. See that all mortar is mixed in the proper proper- 
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tion, and that it is used on the work before any set haif^ 
occurred. 

Fourth. See that all joints are thoroughly flushed with 
mortar, and that no voids are left anywhere in the masonry. 

Fifth. See that all coping-stones are set so that the top o{ 
the pier will lie iu a truly horizontal plane, and that they are 
kept in place by proper clamps and dowels as per plans. 

Sixth. See that the exposed joints are all cleansed and 
pointed in a thorough and workmanlike manner, and ii) 
accordance with the specifications. 

(k) OBKERAL n^STRUCTIOKB. 

First. See that all proper precautions against accidents to 
the public and to the workmen be taken during erection, and 
that no glaringly. careless man be allowed on the work. 

Second. If there be more than one Contractor on the work, 
see that no friction arises between contractors, and that their 
combined work is finished in good shape. 

Third. While doing everything in your power to obtain 
good work, avoid us much as possible worrying or harassing 
the Contractor, and use every legitimate endeavor to aid him 
to complete his work expeditiously and inexpensively. 

Fourth. Finally, and iu short, study the specifications care- 
fully, and do all that you can to insure the structure's being 
in every respect a credit to all concerned in its designing and 
construction. 

In respect to the testing of cement on construction work, 
the following instructions, which the author has prepared fpr 
his resident engineers, will give the reader all necessary infor- 
mation, it being understood that no brands of cement are ever 
used except those which either the author or his assistants 
have previously tested thoroughly by long-time tests, and 
which have proved to be perfectly satisfactory : 

Fii-st. In testing cement in the field, remember that it is npt 
a series of laboratory tests which you are to make, but that 
your object is simply to see that you are receiving and using 
cement of an average quality of the standard brand or brands 
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adopted, and that it comes up to the general requirements of 
tbe specifications. 

Second. Look out for irregularities in the quality of the 
cement, so as to avoid using any that is either too old or too 
freshi or which has been injured by dampness. 

Thiixl. Test first for fineness, second for soundness, third 
for activity, and fourth for rise in temperature, rejecting all 
cement which is unfit for use because of non-compliance with 
the specifications in these particulara. 

Fourth. It will seldom, if ever, be necessary to resort to the 
boiling test, which is essentially a laboratory test ; although it 
may prove useful in an emergency to determine conclusively 
whether certain cement is fit for use or not. 

Fifth. Test all cements for the tensile strength of neat 
briquettes, making one day and seyen-day tests. Never pass 
cement on shorter time-tests than seven days, as the one-day 
test is by no means conclusive. 

Sixth. Make, more for your own satisfaction than for any 
other reason, a few sand- briquette tests for seven and twenty- 
eight days, so as to know the value of the mortar which you 
are using. It would not do to rely on sand-briquette tests for 
the acceptance or i-ejection of cement, as this would delay the 
work too much. 

Seventh. You will often have to use your judgment about 
passing or rejecting cement that is needed for immediate use 
and which fails in some comparatively unimportant point to 
quite fill the requirements of tbe specifications. Bather than 
delay the Contractor materially, pass such cement, provided 
that in your opinion its use will in no way injure the quality 
of the work ; but, on the other hand, if the rejection of the 
said cement will not delay the Contractor seriously, insist on 
its complying with the specifications in every particular. Be 
careful not to let the Contractor run in any poor cement or 
force it upon you because of any assumed or real necessity for 
haste in completing the construction. 

In respect to inspection of stone for masonry, the author 
offers, as his idea of what stone-inspection should be, the fol- 
lowing instructions to stone-inspectors, it being understood 
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that they apply only to stone from qaarrles that have been 
previously iuvestigated aud found satisfactory : 

First. Reject all stone containing any dry seams. These 
seams are often very hard to detect ; but usually by a careful 
inspection of the surface of the stone they may be found. 
Sometimes a mere line is all the evidence of the existence of 
such seams, while in other cases they show more plainly. 

Second. Reject all stone containing seams called '* crow- 
foot," which are either open, or which are liable to dissolve 
out after exposure to the weather. 

Third. See that no stone is quarried at a time when it is 
liable to freeze before the quarrynsap is out of it. Stone 
should be quarried at least a month before it is allowed to 
freeze. 

Fourth. See that no powder or other explosive is used in 
quarrying the stone, excepting to remove ledges of useless 
stone, and even then make sure that no stone to be used is 
injured by the explosives. 

Fifth. If the stone be of such a character that the quarry. 
. bed cannot be told at a glance, the Inspector must mark each 
stone in such a manner that it will be sure to be laid in the 
wall on the said quarry-bed. 

. Sixth. Reject all stone which is taken from any portion of 
the quarry that is affected injuriously at any time by frost. 

Seventh. Sec that all stone is handled carefully after being 
taken from the quarry, so that no cracks are developed or 
other injury done thereto by rough usage. 

Eighth. See that all stones are^cut to the exact dimensions 
called for by the plans, and that they comply in every partic- 
ular with the specifications. 

In respect to inspection of timber, both in the woods and at 
the sawmills, the author's instructions to his timber-inspectors, 
as follows, will be found useful : 

First. Study well and compare with the mill people all 

order-bills, looking carefully to the various lengths, widths, 

' thicknesses, bevels, numbers of pieces, etc., so as to make sure 

that your order-biUs check properly against those furnished 

to the mill people aud against the partial order-bills furnished 
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by the latter to their yarious employees, so as to avoid all poi- 
sibility of errors. If any be found, correct tbem yourself, if 
possible ; but, if not, refer them to the Engineer for correc- 
tion. 

Second. Each timber-inspector is to be provided with a 
special stamping-hnmmer of his own, that has a characteristic 
mark which will identify all timber passed by him. He is to 
keep this hammer at all times in his own possession, so that it 
can be put to no illegitimate use by interested parties ; and 
under no circumstances is he to lend it to another inspector. 

Third. Each timber-inspector must study carefully the 
specifications furnished him, and must be governed thereby; 
nevei-theless, there will be occasions when he must trust to 
his own judgment as to what timber is fit and what is unfit for 
the required purpose, for general specifications cannot be 
made broad enough to cover all cases that may arise in filling 
a timber bill. Where a number of inspectors are employed on 
the same piece of work, it will be necessnry at the outset for 
the Chief Inspector to interpret the specifications and supple- 
mentary instructions for all of the assistant inspectors, so that 
the latter shall not differ at all in their requirements. 

Fourth. In inspecting timber be careful to distinguish prop- 
erly between the various varieties that are fit and. those that 
are untit for use. If not otherwise stated in the spedficationf , 
you are to accept and reject as follows ; 

OAKS. 

Accept white, cow, chincapin, post, burr or overcup, and 
live oaks. Reject red, Spanish or water, black, black-jack, 
and pin or yellow butt oaks. 

PINES. 

Accept white, Norway, long-leaf Southern yellow, short- 
leaf yellow (for certain purposes only), and Cuban pines; also 
Oregon fir. Reject Southern red, loblolly, and Rooky Koun- 
, tain yellow pines. 
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CYPRESS. 

Accept red, black, and yellow C3rpres6. Reject white cy- 
press. 

Fifth. Secure timber of as uniform a character as possible, 
avoiding any that shows large heart-checks or growth-checks, 
and rejecting any which has such defects within one inch of 
face or edge of timber. Avoid all coarse-growth, « open- 
grained timber, if other timber be procurable. 

Sixth. Beject any sticks that show signs of worm -holes, de- 
cay, scorching by forest fires, ring-heart, ring-shakes, rotten 
or black knots, dark or discolored spots, or any other defect 
that would impair the strength or durability of the timber. 

Seventh. Examine carefully by probing with a wire all 
hollow or bird-eye knots, and, should the hollow be over one 
inch deep, reject the limber. 

Eiglitb. Check lengths of cutting gauges every day, as they 
are liable occasionally to be knocked out of position. Check 
widths and thicknesses at each change of the machine. 

Ninth. In inspecting piles, look carefully to their straight- 
ness, and see that they comply in this and in every other par- 
ticular with the specifications. 

Tenth. See that due care is used in handling and loading 
timber so as not to bruise it ; and under no consideration allow 
it to be fioated in the water after it is cut and dressed. 

Eleventh. Keep a daily record of all timber accepted, so 
that the Engineer may be informed on short notice as to how 
much of any bill has been cut. 

Twelfth. Notify the Engineer or other proper party of all 
shipments, and keep an accurate account of everything 
shipped, so that upon short notice a statement in respect to 
any uncompleted order can be made, giving the amount that 
has been shipped and the amount that remains to be for- 
warded. 

Thirteenth. The Chief Inspector must make regular monthly 
reports to the Engineer or other proper party or parties con- 
cerning the progress of the work, quality of timber furnished, 
etc.; and must send in mortthly statements of all moneys 
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received and expended by him in connection with his work 
of inspection. 

Fourteenth. Use every endeavor not to cause by your in- 
spection any more handling of material than is necessary for 
doing your work thoroughly ; and do nothing to give the mill 
people needless worry or expense. 

In concluding this chapter, the author desires to emphasize 
his previous statement that, in order to obtain a truly first- 
class structure, it is necessary not only to design it properly 
and prepare thorough specifications for its building, but also 
to provide a corps of competent and honest inspectors, who 
will from start to finish examine carefully and test all mate- 
rials that are to be used, and who will see that the entire 
manufacture and erection are done in strict compliance with 
the specifications. 



CHAPTElt XXn. 

DESIGNING OF PIERS. 

The object of this chapter is not to provide the bridge- 
builder with either a complete specification for building piers 
of all kinds or full directions as to sinking them under all 
possible circumstances, but to indicate to the designer, first, 
how to determine the best kind of piers to use at any pro- 
posed crossing, and, second, how to proportion them. Text- 
books on substructure do not generally cover this ground, 
but deal mainly with masonry specifications and methods of 
sinking piers. The reader who desires to learn anything con- 
cerning piers which is not given in this chapter is referred to 
Baker's " Treatise on Mjisonry Construction " and Patton'a 
" Practical Treatise on Foundations." 

In determining the layout of spans for any important cross- 
ing, the first question to settle is what method of pier-sinking 
to adopt, for upon this will depend to a certain extent the 
span lengths. 

The three principal methods in common use are as follows : 

1. The Coffer-dam system. 

2. The Pneumatic process. 

8. The Open- dredging process. 

The use of coffer-dams is, or should be, limited to crossings 
where the bed rock is not more than fifteen feet below the 
ordinary stage of water, and where there is no great, sudden 
rise anticipated. This method always figures low in the pre- 
liminary estimate, but is generally found to run much higher 
when the total cost of the finished structure is computed. 
The author nearly always discourages his contractors from 
attend pting to use this method ; and thus far his experience 
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proves that, when they fail to adopt his advice about it, they 
are generally sorry therefor by the time the work is finished. 

Coffer-dams are liable to give trouble in several ways: first 
by leakage, second by fioodiug, and third by collapsing. If a 
Contractor gets through a large piece of coffer-dam foundation 
work without accident or trouble of son^e kind he is in great 
luck. 

For bare bed-rock, movable coffer-dams may be employed ; 
but they are troublesome to construct, and are sometimes very 
difficult to remove because of a deposit of sand taking place 
while the piers are being built. 

The pneumatic process for sinking piers is in most cases the 
best one to employ, the only objection to it being the exces- 
sive cost of installing the plant, even if one has a complete 
outfit at his disposal. Its gieat advantages are that it enables 
the contractor to overcome, in the cheapest and most expeditious 
manner possible, all obstacles that may be encountered in 
sinking; and that it ensures the obtaining of a satisfactory 
foundation for the piers. It can be used for depths as great 
as oue hundred feet or even more, although there is consider- 
able danger to the workmen when the depth exceeds eighty or 
ninety feet. 

Most of the bridge-piers which the author has put in have 
been sunk by the pneumatic process ; and he has no hesitation 
in recommending it as the most satisfactory, all-around method 
in probably nine cases out of ten which occur in a consulting- 
engineer's practice. 

The open-dredging process is suitable for very deep founda- 
tions, or for putting down caissons that are to rest on the sand, 
or for bed-rock foundations where there is no liability of great 
scour. For large piers this process is much cheaper than the 
pneumatic on account of both the smaller cost of plant and the 
more rapid progress in sinking. In case, however, that ob- 
stacles be encountered, such as trees or large boulders, the 
expense for sinking is liable to run higli. as these obstacles 
may have to be removed by a diver or divers, which always 
involves great expense. The author has put down three large 
piers by the open-dredging process, two to a depth of ninety 
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feet and one to a depth of one hundred and twenty- two feet 
below extreme low water, and has encountered no trouble 
worth mentioning during the sinking. In the case of the 
greater depth, a mass of boulders was found overlying the 
bed-rock. This was penetrated as far as practicable by ex- 
cavating the boulders and laying bare the bed-rock near the 
centre of the pier, then firing charges of dynamite at the bot- 
tom till the cylinder refused to sink any farther, after which 
it was filled up with concrete. 

It is probable that, if one were to try to sink small piers to 
any great depth by the open-dredging process, difficulty would 
be experienced because of the lack of sufficient weight of 
pier as compared with the large amount of skin friction. The 
latter in sand is generally a little less than six hundred pounds 
per square foot of vertical surface. On the East Omaha 
bridge the author arranged to reduce this friction by means 
of small water-jets placed around the circumference of the 
cylinder about every six feet in height ; but these were found 
to be unnecessaiy, so were not used. In case of striking clny 
or any other sticky substance, such an attachment might 
prove of great service. 

The open-dredging process is liable to abuse by the builders 
of cheap highway bridges, who, in order to save a little in 
first cost, use it to sink cylinder piers of small diameter moder- 
ate distances to bed-rock, which may in these places be laid 
bare or nearly so by excessive scour. With this process it is 
generally not practicable to anchor the cylindei's firmly to the 
bed-rock, but with the pneumatic process it is. 

There is still another style of foundation besides the three 
described, viz., that which involves the use of piles. These 
piles may either support a timber grillage, upon which to rest 
the pier proper, or may run up into the concrete body of the 
pier. This class of foundation is of a cheap order, but will 
often answer the purpose very well, provided there be no pos- 
sibility of excessive scour. If the bearing capacity of the 
piles be small, it is best to spread them out and cover them 
with a thick timber grillage ; but otherwise it will be found 
economical to run the piles up into the concrete. The author 



304 DE POJ^^TIBUS. 

bas lately designed the piers for three important Southern 
bridges in the latter manner. They were put down without 
much difficulty, the principal hindrance being from sunken 
logs, and were eminently ecouomical in first cost as compared 
with piers of other possible designs. 

Piers may be divided into the following classes in respect to 
the materials of which they are built : 

1. Stone-masonry piers resting on — 

A. Bed-rock. 

B. Timber and concrete caissons. 

C. Steel and concrete caissons. 

D. Timber gnllages supported on piles. 

2. Brick-masonry piers resting on the same foundations as 
mentioned for stone- masonry piers. 

8. Unprotected concrete piers resting on the same foun- 
dations as mentioned for stone-masonry piers. 

4. Oblong steel shells filled with concrete and resting on 
the same foundations as mentioned for stone-masonry 
piers. 

5. Cylinders filled with concrete and resting on — 

A. Bed-rock. 

B. Timber and concrete caissons. 

C. Timber grillages supported on piles. 

D. Piles. 

6. Braced steel piers resting on — 

A. Bedrock. 

B. Masonry, brick, or concrete piers. 

C. Cylinder piers, 

7. Timber piers resting on — 

A. Mudsills. 

B. Piles. 

Now in respect to which of these seven kinds of piers and 
which of their various supports it is best to adopt for any par- 
ticular crossing, the engineer must use his judgment, which, 
however, may be aided by the following remarks that are 
based upon the author's experience : 
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OktM No, i. 

Itfasonry piers should be used for important railroad bridges 
and for yery large higiiway bridges, where first-class stone can 
be obtained at reasonable cost. If good stone is not obtainable 
at a fair price, it is better to use one of the other classes. The 
proper way to proportion a masonry pier is to determine the 
least size under coping to support either the pedestals them- 
selves or the pedestal-blocks, as the case may be, leaving a 
small margin on the exterior and ample room between ped- 
estals or i>edestal-blocks to allow for variation in erection, 
then batter the pier all around not less than one-half inch to 
the foot, or as much more as investigation shows to be neces- 
sary. The coping should project all around about six inches, 
the amount dei>ending upon the magnitude of the pier and 
the thickness of the coping course, which should be from 
eighteen to twenty-four inches. 

The batter for the sides is to be determined in the following 
manner : Compute for both the loaded and the empty struc- 
ture the greatest longitudinal components of the total wind- 
pressure that can come upon the pier from the two spans 
which rest thereon, upon the assumption that the friction at 
the roller ends of the spans is zero. 

The direction of the wind which will give the greatest 
longitudinal thrust on the structure Is forty-five degrees in 
respect to its longitudinal axis. As the cosine of this angle is 
approximately seven tenths, the longitudinal component of 
the wind-pressure per lineal foot of span will be seventy per 
cent of the assumed said wind-pressure. 

Find also the greatest traction thrusts from braked trains on 
the assumptions that, first, the greatest live load is on the 
structure, and, second, that the least live load, or one thousand 
pounds per Jineal foot, is on same. Now find the values of 
the following combinations : 

1. Thrust from wind load on empty bridge. 

2. Thrust from heaviest braked train. 

3. Thrust from wind load with lightest live load on the 
spans. 
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4. CombiDed thrust from lightest possible braked train, and 
a wind -pressure on train and structure equal to one half of 
that specified. 

Next determine by judgment the proper batter, and lay off 
the pier to scale; then divide it by horizontal planes from four 
to six feet apart, and compute the weights of all the portions 
of the masonry between these planes, making a proper reduc- 
tion for weight of water for those parts which would be sub- 
merged by an average stage of river. 

Next compute the wind-pressure on each vertical division of 
the pier, down \o the assumed stage of water, in a direction 
parallel to the spans, usiug the same intensity and direction 
for the wind-pressure as were adopted in finding the longi- 
tudinal thrust from wind-pressure on the spans. 

Next find graphically for all four cases the curves of pres- 
sure from the vertical and horizontal loads at top of pier, com- 
bined with the weights of the various divisions of the latter 
and the wind-pressures thereon, and sec that none of the said 
curves at any plane of division pass outside of the middle third 
of the section at said plane. If any of them do, the batter 
will have to be increased, or, if all the curves fall much inside 
of the middle third points, it will have to be decreased; and 
in either case the graphical computations will have to be made 
again, and so on until a satisfactory batter is found. 

The author is aware of the fact that this method of design- 
ing piers is not in general use, and it is quite possible that he 
is the sole engineer who adopts it ; nevertheless he maintains 
that it is the only proper way to design masonry piers. The 
single concession which he would be willing to make on the 
score of economy would be to assume that a certain small 
portion of the thrust on a span is taken up at the roller end. 
But if the rollers are in good working order the amount of 
thrust that they will resist is very small indeed — so small, in 
fact, that the author prefers to neglect it entirely. 

The ordinary method of proportioning piers is to make them 
as small as possible under coping and batter them all around, 
or at least on the sides, one-half inch to the foot. In some 
cases this will sulfice, but in others it will not. One of the 
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largest bridges in the United States has piers built with mieh 
insufficient batter that it is evideut at a glance, ta even an 
untrained eye, tliat something is wrong. By tike way, one of 
these piers is cracked from top to bottom, owing to false ecoa* 
omy in the design, but not because of its failure to figure 
properly for the curve of pressure. 

An inherent sense of fitness in the mind of the designer will 
generally tell him, when he looks at a scale-drawing of the 
superstructure and piers of a bridge, whether the latter are 
properly proportioned. In the case of the Red Rock canli- 
lever bridge over the Colorado River the piers were first laid 
out fourteen feet wide under coping, with a batter of half an 
ioch to the foot, and the drawings were submitted to the 
author for his criticism. He immediately pronounced the 
piers to be proportioned incorrectly, simply because of their 
appearance. Their proportioning was then turned over to 
him, and he found by trial that a batter of one and a quarter 
inches to the foot was necessary. This batter gave a satisfac- 
tory appearauce to the entire layout. 

In nearly every case the length of the piers up and down 
stream, determined by the minimum size under coping and 
the proper side-batter for thrust, will provide sufficient 
strength and stability to resist both current and wind pres- 
sure. A thorough investigation of resistance to overluruiug 
of piers down-stream is given in Baker's " Treatise on Masonry 
Construction." In it he proves that any pier which is largo 
enough under coping, and which has ordinary batter, will 
resist properly the overturning tendency of the worst possible 
combination of loads from wind, current, and floating ice. 
Nevertheless, in long-span, single-track bridges with very 
high piers, crossing swift streams that carry thick ice. and 
where the structure is eiiL posed to high winds, it is advisable, 
as a matter of precaution, to test the piers for down-stream 
overturning according to Prof. Baker's method. Should the 
length of pier parallel to the stream be found insufficient, the 
neatest way to obtain the requisite stability is to put in a 
cocked-hat just above the elevation of extreme high water. 

Where a masonry pier rests on bed-rock, the latter should 
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be levelled or stepped off, and there should be placed a layer 
of rich coDCi'ete between the rock aud the masonry. 

If an ice-break with an inclined cutting edge be necessary 
for any pier that rests on n yielding foundation, a correspond- 
ing ice-break or similar offset should be placed at the down- 
stream end of the pier also, even if its appearance be as incon- 
gruous as would that of a cowcatcher at the rear of a railway 
train ; for, unless the foundation be thus balanced about the 
centre of gravity of the vertical load, the portion directly under 
the superstructure will tend to settle more than that under 
the nose, and will thus cause a cracking of the masonry and a 
splitting-off of the front of the pier. Such a disastrous result 
of the violation of the principle of symmetry in designing is 
by no means unknown, even in important i-ailroad bridges. 

In respect to timber-aud-concrete caissons for masonry 
piers, the following general remarks will prove useful to the 
designer : 

There should be an offset of not less than two feet all around 
the base of the masonry, aud preferably a little more at the 
ends, so that in case the caisson be located a little out of 
place the masonry can be shifted thereon so as to bring the 
pier into proper position. The number of courses of 
12" X 13" timber in the roof of the caisson should never 
be less than four and seldom more than eight. Any less 
number than four would be liable not to give the roof 
the proper stiffness during the sinking, and any more 
than eight would tend to cause an undue settlement of the 
pier on account of the compression of the timber, which 
always takes place. The designing of the roof and sides of 
the working-chamber should be done with the greatest care, 
so as to prevent all possibility of collapse, and the cutting 
edge should be shod with steel plates to protect the timber 
when the caisson is passing through boulders or logs. The 
roof-timbers, if possible, should always be of full length, and 
the spacing of the bolts therein should not exceed four feet. 
The vertical timbers on the outside of the working-chamber 
should be carried well up into the roof, shouldered, and firmly 
bolted thereto. The crib above the working-chamber should 
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be sheathed so as to reduce the friction during sinking. The 
drift- bolts should be seyen-eighths-inch rounds driven into 
three-quarter-inch bored holes. The filling of the working- 
chamber with concrete should always be done with the great- 
est care, using extra rich concrete, so that there shall be no 
voids between the concrete and the roof. Portland-cement 
of the best quality should be used for filling the working- 
chamber and shafts ; but it is legitimate to employ an extra- 
good quality of American natural cement for filling the crib 
in case that it be necessary to keep down the expense. How- 
ever, Portland cement is always preferable. 

In respect to caissons built of steel and concrete but little 
need be said, except that great care should be taken to design 
the working-chamber strong enough to resist properly the 
weight of the concrete above and the unequal pressures from 
boulders below. The metal below the roof of the working- 
chamber should not be less than one-half inch in thickness, 
amd all parts near the cutting edge should have thicknesses 
varying from three quarters of an inch to an inch. All joints 
in the cutting edge should be full spliced, as should also 
those in the roof of the working-chamber. 

Timber grillages resting on piles should have, preferably, 
not less than four courses of timber, although often but three 
and more rarely two are employed. As the grillage is gener- 
ally wider than the masonry, it takes about four courses to 
distribute the weight uniformly (or nearly uniformly) over the 
piles. In case of an unusually wide grillage, more than four 
courses would be necessary, or else the masonry should be 
widened by means of footing-courses. Such grillages should 
be built with care, so as to have a level bottom; and all piles 
should be cut ofii to exact level, otherwise there will be un- 
equal bearing between piles and grillage that might cause 
serious damage to the masonry. 

Brick piers are not common iu America, probably because, 
until lately, it has been difficult to obtain proper brick. In 
the author's opinion, piers built exclusively of hard-burned 
clinker brick and mortar of the very best quality of Portland 
cement, mixed in the proportion of one part cement to 
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two partB SBud, and having thin joints perfectly filled, are 
better than tlic average masonry pier, for the reason that the 
bricks will never disintegrate, while the average stone used 
for bridge-piers will. The author has not yet had occasion 
to build any brick piers; but he intends to give them a trial 
on the first opportunity. 

Unprotected concrete piers are satisfactory for Southern 
rivers, where the effect of frost is not severe, and where there 
is no ice of any account carried by the sti-eam. The author 
used this style of pier for the Arkansas River bridge of the 
Kansas City, Pittsburg, and Gulf Railroad near Redland, Ind. 
Ter. Several other Southern bridges have piers of this type, 
and thus far they have proved satisfactory. Their chief recom- 
mendation is their cheapness. In order to ensure their being 
properly built, nothing but the best qualities of cement and 
sand should be employed, and the mortar for the concrete 
should be mixed rich, especially near the exterior of the piers. 
Some engineers give the work a skin-coating of rich mortar; 
but the author prefers to use finely broken stone and extra- 
rich mortar for six or eight inches all around, and to not at- 
tempt to smooth down the exterior. Of course it is prnctl- 
cable to put on a skin-coat so that it will stay, and 3o that it 
will not have a streaky appearance; but to do this requires 
more care than the average workman is inclined to take. 

Steel shells filled with concrete make very satisfactory piers, 
provided they be not used in salt or brackish water, which 
would rust them out in a short time. These piers are appli- 
cable where good stone for masonry is expensive, and where 
the piers must be protected from the abrasion of ice or from 
the excessive cold, which would tend to disintegrate even 
fairly good concrete. Such piers can be built in the usual 
form of masonry piers with rounded ends all the way up, or, 
when they pass much above high water, they may run off into 
two cylinders with bracing between. Butt-spl:ces are prefer- 
able, and the splice-plates below the mud line should be placed 
on the inside so as to offer as little resistance as possible to sink- 
ing. 

Tliis style of pier is a favorite one of the author's, for the 
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reason that it !s both sightly and inexpensive. When taken 
to task for using it, as often happens, he replies, ** Good con- 
crete protected with steel is better than poor masonry." 

In respect to the thickness of steel to use, the author's prac- 
tice is to adopt half an inch below the ordinary stage of water 
iand three eighths of an inch above, although for cheap bridges 
he occasionally shades these thicknesses one sixteenth of an 
inch. 

For the coping of such piers stone may be employed ; but 
it is preferable to put on a moulding of sheet metal, as this is 
more in keeping with the rest of the pier. This style of cop- 
ing has- been criticised on the plea that it is false, and that it 
lias no direct function ; nevertheless, the author considers it 
emineutly proper to use it, and that its function is simply to 
beautify the construction by relieving the harsh outlines. 
"Where stone coping is not used, the top of any kind of con- 
crete pier may be finished off with either rich concrete of 
small broken stone or with granitoid, mixed in the proportion 
of one part of Portland cement, two parts fine granite screen- 
ings, and three parts of small crushed granite. 

Cylinder piers filled with concrete are the most common 
kind of pier in America, and they are certainly the worst; 
nevertheless they have their place in good consti*uction, 
when they are properly designed and built. Their abuse is 
due mainly to the builders of cheap highway bridges, who 
think that if the top of the cylinder is simply large enough to 
hold the pedestals, that is all which is necessary, no matter how 
high the piers may be, how great may be the scour, or what 
kind of foundation there is. If piles are employed as a foun- 
dation, they put in all that their small cylinders will hold, and 
never dream of its being necessary to figure how. many tons 
each pile will have to sustain. 

Cylinder piei*s are legitimate construction in places where, 
under the worst possible conditions in respect to scour, they 
will have a firm grip in solid material, say not less in depth 
than twenty per cent of the height of the entire pier. 

Cylinder piers will not often stand the test of the curve of 
pressures herein described for masonry piers ; but this is nbt 
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necessary, because tbey can resist tension on one side in both 
tbe metal and the concrete, if the latter be of the correct qual- 
ity ; i.e., the cylinders can act as beams to resist the horizontal 
thrust of wind and trains in the same way aa do the columns 
of elevated railroads. Nevertheless for railroad bridges the 
author would advise against the adoption of long cylinders 
for piers, on account of their inability to resist vibration ef- 
fectively. In some cases it is economical to adopt a group of 
four comparatively small cylinders well braced on all four 
faces ; but with this style of foundation it is generally cus- 
tomary to employ braced piers resting on the cylinders. 

The diameter for a cylinder should depend not only upon 
the size required at the top, but also upon its height and the 
character of the foundation. It is sometimes governed also by 
the total vertical load to be carried, which should under no cir- 
cumstances exceed the limit set in the specifications given in 
Chapter XIV. Portland cement only, and that of the very 
best quality, should be used for filling cylinder pieis, and the 
filling should be done with the greatest care and thoroughness. 
"Whenever the concrete has to be placed below water it should 
be done by using a tremie, and the composition of the con- 
crete should be much iicher than that for concrete laid in the 

dry. 

Whenever a cylinder is sunk to bed-rock, it should be let 
into same far enough to prevent all possibility of slipping, and 
so as to give an even bearing all around the circumference. 
This is an easy matter when the pneumatic process is employed 
for sinking, but it is often difficult when open dredging is used. 
This precaution is as necessary in the case of wooden or steel 
caissons as it is for cylinder piers, and should never be neg- 
lected where there is a possibility of scour to or near bed-rock, 
or where the pneumatic process is employed. 

In sinking large cylinders by the open dredging process so 
as to fill them afterwards with piles, it sometimes becomes 
necessary to put in temporary timber bracing bolted to the 
metal, in order to prevent the cylinders from collapsing or 
from getting out of shape. Most, if not all, of these timbers 
will have to be removed before the piles can be driven. 
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It is economical sometimes to increase the diameter of a cyl- 
inder between top and bottom, but in such cases the lower 
twenty feet should be made plumb so that the cylinder can be 
sunk with ease and accuracy. This detail was adopted for 
the Jefferson City bridge, the variation in diameter being ob- 
tained by telescoping some of the lengths and putting in fill- 
ing-rings. This required a trifle more metal than truly conical 
piers would ; but the shop-work was much simpler. 

The proper load for large piles inside of cyliudera is about 
thirty tons each, although with very large piles and solid ma^ 
terial to hold them it may be increased to forty tons. On the 
other hand, in case of bud foundations, it is sometimes neces* 
sary- to reduce the load to ten tons per pile. 

The proper distance for piles to project into cylinders is 
about fifteen feet, and should never be less than ten feet or 
more than twenty feet under any circumstances. With less 
than ten feet there will not be enough grip for the concrete, 
and with more than twenty feet it is difficult to place the con- 
Crete properly under water between the piles. Piles in cylin- 
ders should be driven as closely as possible, and precaution 
should be taken to prevent the lifting of piles already driven 
by the sinking of the last few piles. When large piles are 
employed, the designer can figure upon six square feet of pier 
section for each pile. 

. The bitusing between the up-stream and the down- stream 
cylinders of a pier should invariably be of solid webs, properly 
stiffened, extending from high water to near low water, in 
case there be any drift ; but for cylinder piers on shore an 
open bi'aciug of struts and ties will suffice. 

Concerning braced steel piers but little need be said, except 
that they should conform in their design with the specifica- 
tions given in Chapters XIV and XVI. It is advhable, if 
practicable, to avoid battering more than two faces of a braced 
pier on account of the troublesome shop-work that would be 
involved with a four-face batter ; nevertheless it is often neces- 
sary to adopt the latter, especially for high piers. A possible 
objection to this type of pier is that for cantilever bridges it 
increases the deflection of the span because of the compression 
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of the pier colamns under load. An extreme instance of such 
compression is that in the Niagara Cantilever bridge. 

Timber piers are merely a makeshift, so do not merit mnch 
consideration. They are employed sometimes to support steel 
bridges until money is available for building masonry piers. 
It is seldom that timber piers are boilt in large rivers where 
the current is rapid and the scour is great. The author was 
once forced by circumstances into building pile piers under 
these conditions ; and although they are still standing, he 
would sleep better at certain seasons of the year, had they 
never been built. The piers referred to are the temporary 
piers of the East Omaha bridge oyer the Missouri River. They 
were constructed in the winter, mostly on the sand-bar, by 
driving groups of seventy-foot red-cypress piles fifty feet into 
the sand by means of a powerful water-jet, then sheathing 
the sides and nose with four-inch oak planks and bracing the 
piles on the inside. The nose of each pier is on an incline, 
faced with steel plates where the ice can reach it, and forming 
a cutting edge that is capped with a heavy railroad rail. Each- 
pier is sarrounded with a woven willow mattress, eighteen 
inches thick, of the most substantial character, sunk and kept 
in place with rock. These piers have received a much more 
severe test than was anticipated when they were designed, be- 
cause the channel has shifted across the river, so that at times 
there are thtrty*five feet of water where there was a dry sand- 
bar when the bridge was constructed. The mattresses have 
not been injured by the scour, but have simply been lowered, 
the edges going deeper than the portions near the piers. The 
only ill effect noticeable is the springing down-stream of the 
tops of two piers, in one case about six inches and in the other 
about eleven inches. In oi*der to bring the tops of these piers 
partially back to place and prevent any further deflection, the 
author employed a detail which has proved to be very satisfac- 
tory. It consists in passing one end of a stiong iron chain 
loosely around an up-stream pile and dropping the loop to the 
bottom, then attaching near the other end of the chain a steel 
rod with an adjustment. A number of these chains were used 
for each pier, the rods passing through heavy timbers at thft 
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rear of the pier near the top. By screwing up on these ad- 
justments the tops of the two piers were moved back a little. 
Piovision is made for future scour by leaving some spare chain 
beyond the point at which the rod takes hold, so that one chain 
at a time can be loosened, lowered » and retightened. These 
East Omaha bridge-piers will probably last a long time yet, 
although when they were put in no one anticipated that they 
would be needed for more than eight years. 

In sinking piers the greatest care should always be taken to 
start them in exact position and to keep Ihem there. The in- 
stant it becomes evident that a pier or cylinder is getting out of 
correct position, it should be moved back, even if it be neces- 
sary to stop the sinking entirely until the true position be re- 
covered. Generally it is feasible to build a frame of piles and 
heavy timbers around each pier or cylinder, so as to guide it 
to exact position at all times, barring a slight springing of the 
piles, which, however, can generally be guarded against. 

Some sixteen years ago the author had occasion to sink four 
eight-foot cylinders in the Des Moines River by open dredging 
to bed-rock, so as to form a single pier, the axes of the cylin- 
ders being located on the comers of a twenty-four- foot square. 
Unfortunately the author in making the design, owing to in- 
experience, had provided no allowance for variation of location. 
The foreman of construction informed him that it was abso- 
lutely impossible to sink those four cylinders so correctly that 
the struts would fit between their tops ; consequently the 
author was compelled to undertake the superintendence of the 
work himself. He built a strong frame of piles and heavy 
timbers, all thoroughly braced, around the space to be occu- 
pied by each cylinder, cutting out the horizontal timbers to fit 
the curve of an eight-foot circle, and even gouging out places 
for the rivet-heads to pass. One of these horizontal guides 
was located close to the surface of the water, and the other 
some nine or ten feet higher. The cylinders were dropped 
into these guides and sunk to bed-rock. After all four cylin- 
ders were in place, and partly filled with concrete, the struts 
were inserted between their tops, and were found to furnish a 
driving fit. This result was, perhaps, due as much to good 
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luck as to good managemeut ; but the expeiience taught the 
author a lesson which h6 has never forgotten, and which he 
desires to impress upon all young designers, viz., that in pre- 
paring any substructure design it is essential to provide 
liberally for all possible variations from correct position in all 
parts of the work. 

In respect to the designing of pedestals for elevated rail- 
roads and the determination of the bearing capacities of soils, 
the reader is referred to the author's before-mentioned paper on 
Elevated Railroads published in the 1897 TransactMn$ of the 
American Society of Civil Engineers. 



CHAPTER XXin. 
TMANGULATION. 

Thb necessity for extreme accuracy in the triangnlation for 
piers of long bridges is not generally recognized ; hence result 
errors in pier location that sometimes require the lengthening 
or shortening of the superstructure, or which involve the 
adoption of an unanticipated skew. There is no excuse what- 
soever for any such erroi-s in location, because the method of 
triangulatlon adopted should provide a check against not only 
blunders, but also even trifling vanations from correctness of 
position, and because the Contractor should invariably, at the 
outset of his work, take such precautions as will prevent the 
occurrence of any variation in sinking in excess of that pro- 
vided for in the Engineer's plans. 

In the triangulatious for bridges over large rivers, such as 
the Missouri, the author makes a practice of measuring each 
base-line five times and each angle tliirty times ; and no point 
is ever located without using a check from another base-line, 
thus providing an intersection of three lines, which theoreti- 
cally should be a mathematical point, but which actually 
varies therefrom, generally about a quarter of an inch, and 
sometimes even as much as one half of an inch, in sights of 
about one thousand feet length. 

The author has tried both iron rods and steel tapes for 
measuring base-lines, and has adopted the latter as the more 
accurate. The objection to using rods is that it is almost 
impossible to run a line a thousand feet long with three rods 
that must always be made to actually touch each other with- 
out sometimes disturbing slightly the position of two of the 
rods, when either lifting or putting down the third rod. With 
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a reliable steel tape properly handled, the extreme error in a 
Dumber of measurements of the same line should be less than 
one quarter of an inch in one thousand feet. This would 
make the probable error of the average length considerably 
less than that amount. If any measurement show a greater 
variation from the average than one quarter of an inch to the 
thousand feet, it should be rejected, and another measurement 
should be made to replace it. This presupposes comparatively 
level ground for the base-line ; hence, if <he ground be very 
irregular, a greater variation may be allowed. It should, 
however, in no case exceed one-half inch per thousand feet. 

The tape line used should be a new one for each structure, 
and it should be tested at the bridge shops in comparison with 
their standard. As a matter of precaution, it is well to test it 
in the field with another tape that is to be set aside as a reserve 
and not used unless an accident happen to the primary t&pe. 

For very long and important bridges, especially cantilevers 
with long spans, it would be well to have the tape tested by 
the Bureau of Weights and Measures at Washington, D. C, 
or by some other testing bureau of recognized standing — such, 
for instance, as that of the Washington University at St. Louis, 
Mo. The charge for such testing is usually merely nominal. 

As the coefficient of expansion is not the same for all tapes» 
U, might be advisable for extremely accurate work to have the 
coefficient determined for the tape to be used; but in most 
cases of long-span bridges this would be an unnecessary re- 
finement. 

A fifty- foot tape is long enough, and is in many respects 
preferable to those of greater length. The author has no use for 
extremely long tapes to measure distances directly between pier 
centres either during sinking or after the piers are finished, be- 
cause this method of measurement is by no means as accurate 
as that of intersecting three lines on each pier and using two 
independently measured base-lines. The only direct measure- 
ment that is of any real value, and which can be obtained 
before the falsework is up, is one made on the ice. In such a 
measurement care must be taken not to let the tape touch the 
ice, but to rest it on plugs driven on perfect line into holes 
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therein and cut off to exact level. There is no more difflcult 
measurement to make correctly than one with a long steel tape 
between two distant points without intermediate supports; be- 
cause, in the first place, the double measurement on shore and 
in correct position is a slow and tedious one to make, involv- 
ing as it does the use of the level to obtain the sng, which 
must be exactly alike in both cases; and, in the second place, 
the conditions of wind and temperature are likely to vary to 
such au extent as to cause errors that are very difflcult to 
correct. 

All base-line measurements should be made in cloudy 
weather, or just after sunset, or even at night; and the tem- 
perature should be noted for each fifty feet measured, as all 
lengths must be reduced to those for an assumed standard 
shop temperature of seventy degrees Fahrenheit. Even slight 
variations of temperature will cause errors of importance in 
the length of an ordinary base-line, the change in length per 
degree of temperature and per unit of length being about 
0.0000066. For a base-line of one thousand feet and a varia- 
tion of one degree the change in length would be eight one- 
hundredths of an inch. This, it is true, is no great amount, 
but there is always a liability of there being a difference of as 
much as ten degrees between the average temperatures for 
measurements made on two different days, and as much as 
two or three degrees in a single measurement of a base-line. 

In using a steel tape it is better to start from the one-foot 
mark rather than from the end, unless the ring be placed back 
of the zero-point. 

The author's method of measuring a base-line on compara< 
tively level ground is to run in a line of stakes of at least three 
inches by one inch section and from two feet upward in 
length, spaced at intervals of about ten feet and put in to 
exact line and level, with a large flat-headed tuck driven to 
line on each stake, and the true base-line scratched with a 
knife aloug the top of each tack. The line is measured by 
stretching tbe tape with a uniform pull of six pounds over the 
line of stakes, keeping the one-foot mark or the zero- mark, as 
the case may be, over the centre that is cut on tbe hub at the 
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end of the base-llDe, and scratchiDg with a knife on tbe tack 
where the flfty-foot mark ou the tape comes, then starting 
from this point to measure another forty-nine or fifty feet, 
and 80 on until the centre of the hub at the far end of the 
base-line is reached. The next time that the line is measured 
the first length should be thirty-nine or forty feet, so as to 
avoid using the same tacks; and each succeeding first length 
should be ten feet shorter. This not only involves the use of 
fresh tacks for each measurement, but also prevents any 
manipulation of the tape so as to make the partiil measure- 
ments agree with those made previously. 

In case that a perfectly level line cannot be obtained, the 
line should be divided into level stretches, and where each 
break occurs the length should be measured on the incline 
and corrected afterwards for the effect of the rise or fall so as 
to obtain the true horizontal distance. 

For further directions as to measuring buse-lines with a 
steel tui)e, the reader is referred to Johnson's Surveying. 

The ends of base-lines, as well ms all intermediate points 
from which triangulntion operations may be conducted, should 
be marked by solid aud secure hubs. In protected places 
these may consist of six -inch by six-inch timber, three feet or 
more in length, driven in tbe ground and cut off •about an inch 
above the surface, the centre being marked with a tack, 
across which are cut two intersecting lines, at right angles to 
each other. 

If the ground be subjected to hard freezing, the timber should 
be increased in section to eight inches by eight inches, and the 
length should be such that it will penetrate the ground, if 
possible, about three feet below frost. The eailh around the 
hub location should be excavated to the greatest depth of 
frost, then the timber should be driven in or sunk like a post 
and well tamped, after which a stout timber box with an open 
bottom aud a strong cover should be placed around the hub, 
and the earth should be packed around the outside thereof. 
Finally, the box should be filled nearly to the top of the hub 
with sawdust or dry sand. 

In case that the ground be very hard, or if the bed-rock be 
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near the surface, it will be beikt to surround the hub with con- 
crete, and protect it with a substantial cover of some kind to 
prevent displacement. 

If driving or carting is to be carried on in the vicinity^ of the 
hub, the latter should be fenced in by four stout posts sunk 
into the ground on the corners of a square of seven or eight 
feet on a side, the posts projecting high enough above the 
ground to strike a wagon-box. 

In locating all triangulation-hubs it is essential to place 
them so that the operations of construction will not obstruct 
the view of the transitman. 

If there is a possibility that any of the bubs will be disturbed 
by the operations of construction or in any other manner, such 
hubs should be carefully "tied in" by reference points lo- 
cated some distance away. This should be done as soon as 
the base-line is measured. 

There should be two base-lines, one on each side of the 
river and both on the same side of the bridge, or both should 
be on the same side of the river with one above and the other 
below the bridge. Usually it will be found satisfactory to lo- 
cate all piers from one point on each base-line, and for that 
reason the ends of the base-libe should be chosen so that, if 
possible, all the piers can be seen therefrom. If this be im- 
practicable, or if some of the deflections would for auy rea- 
son be too small, it will be necessary to put in and use in- 
termediate hubs on the base-Hues. 

Base-lines, whenever it is practicable, should be run approx- 
imately at right augles to the longitudinal axis of the bridge; 
but this is by no means essential, and it is folly to try to 
make the intersection exactly at right angles, except in the 
following case, which represents an ideal system of triangu- 
lation that can rarely be utilized, on account of the existing 
conditions of shores, and obstructions both natural and arti- 
ficial. 

The said ideal system consists in running four base-lines, 
as shown in Pig. 8, all exactly at right angles to the centre 
line of the bridge, and laying off thereon distances equal to 
those from the base-line to Dier centres^ so that all lines of 
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sight will interaect the centre line at angles of exactly forty* 
five degrees. 

The advantage of this system lies in the fact that all the 
piers are located by direct sight without having to measure the 
angle, the only angles requiring measurement being the four 
right angles between the base-lines and the centre line of 
bridge, and the four other angles required for determining 
and checking the distance between base-lines along the bridge 
tangent. 

The lengths of base-lines for ordinary systems of triangu- 
lation will generally be regulated by local conditions. They 
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should usually be about as long as the total length of bridge, 
or, when there is a base-line on each side of the river, as 
long as the perpendicular distance between opposite base- 
lines ; but, if necessary, they may be made as short as seven 
tenths of same. Too short base-lines will give too sharp in- 
tersections, and therefore sometimes too great variations 
from correctness ; nevertheless, sliarp intersections can be 
employed at times by taking extra pains with the work and 
by employing an extra intersection as a check, in case that 
any discrepancy occurs. 
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After the base-lines are measured and the bubs are put Id, 
tbe next step to take is to measure the six principal augles of 
the triabgulation. These diould be measured with the great- 
est accuracy continuously around tbe limb of tbe transit, 
making from ten to thirty readings of each angle, according 
to the degree of refinement required. The instrument should 
be graduated for accurate work as fine as twenty seconds, or 
preferably ten seconds. A heavy transit with a good, solid 
tripod will usually give better results than those obtained by 
using a lighter insti-ument. Tbe sun should never be per- 
mitted to shine on the instrument when the angles are being 
observed, as it is impossible to make accurate measurements 
under such i^condition. 

In keeping notes of triangulation-work a record should be 
made of the date, the temperature, the condition of tbe weather, 
the direction and approximate velocity of the wind, and the 
names of the transitnum and picketman. 

If long sights are to be taken, the picketman should be pro> 
vided with a pair of field*glasses to enable him to see the 
transitman*8 signals ; otherwise much time and labor may be 
spent to no purpose. Long sights should never be taken 
towards the sun when it can be avoided. 

The error of all three angles in each of the two main tri- 
angles should not exceed two seconds in important work. Of 
course It is not necessary to go to any such refinement in 
8hort«pan bridges ; but in very long ones the error might well 
be reduced as low as one second. If the error in a triangle be 
found too large, it may be possible to avoid measuring all three 
angles again by looking over the notes and ascertaining from 
the weather conditions which angle is most likely to be at 
fault, then measuring this angle anew. If the second average 
angle reduces the total error in the triangle to within a proper 
limit, all right ; but if not, the other two angles will also have 
to be measured a second time. 

On the same principle, if, in a group of measurements of 
one angle, one or two readings be found to differ greatly 
from the .others, they may be thrown out when obtaining the 
average. 
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It sometimes happens that both intersections of the bridge 
tangent with the base-Hues cannot be seen from one end of one 
of the latter. lu this case it will be necessary to put in a hub 
on the bridge tangent far enough ahead of the hidden point to 
clear the obstruction, triangulate to it, and measure the exact 
distance from it to the hub on the base-line. This expedient 
was necessary in the triangulation for the author's Jeiferson 
City highway bridge. 

A check on the accuracy of the triangulation work is ob- 
tained by comparing the two computed lengths of the bridge 
tangent between the intersections thereof with the base lines, 
or between one such intersection and a fixed point on the 
tangent on the other side of the river. The disagreement in 
these two measurements should be within the limit of one half 
of an inch to the one thousand feet. To show how accurately 
such work can be done, the author would state that for the 
Jefferson City bridge he gave his resident enghieer instruc- 
tions to allow no yariation from correctness exceeding three 
eighths of an inch in either the main triangulation itself or in 
the intersections for pier centres. His instructions were fol- 
lowed so faithfully that no error exceeding three sixteenths of 
an inch was allowed to pass in any pait of the work. The 
whole field-force once lost an entire half-day in rectifying an 
error of one half of an inch in the intersections for a pier 
centre. This is an excellent record for accuracy, considering 
that the distance between base-lines on the bridge tangent was 
a little over fifteen hundred feet. The author is generally not 
so rigid in his requirements for exactness as he was in this 
case, the reason for such strict instructions being the fact that 
this was the resident engineer's first experience in important 
triangulation. 

The triangulation for the author's Sioux City bridge, made 
by Lee Tread well, Mem. Am. Soc. C. E., with a bridge tangent 
about twenty-two hundred feet long between base-lines, was 
probably just as accurate as that for the Jefferson City bridge, 
because the errors in distances between pier-centres measured 
on top of the falsework w re actually inappreciable. 
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After tli6 main triangulatlon for a bridge is finished, the 
next step is to compute the angles to the various points on tbe 
piers that will be needed during the sinking. For a single 
cylinder p:er it will suffice to triangulate to the centre only, 
and for a pier composed of two cylinders a triangulatlon to 
the centre of each cylinder will be enough ; but for a rectan- 
gular pier It will be necessary to locate not only the centre, 
but also another point near the periphery. In order to prevent 
the pier from being rotated about its vertical axis in going 
down. After the calculations are completed a triangulatlon- 
sheet should be prepared, on which should be shown all of 
the triangulatlon with the various distances on all lines and 
the exact angles for all deflections. 

Foresights should next be located for the bridge tangent 
and for all pier points, so that the transitman shall never be 
under the necessity of turning off an angle when locating a 
pier. The position for any foi^esight is generally determined 
by convenience, but it should be chosen so as to avoid any 
probabiHty of disturbance. Each foresight, which consists of 
a substantial wooden target, 'is located by turning off the 
proper angle from the base-line, and is then fixed immovably 
in position, after which a series of from ten to thirty readings 
of tlie angle is made, the oorresponding centre lines being 
marked on the target. Tbe average of all of these centre 
lines is then determined, and is assumed to be tbe triie centre, 
which is marked conspicuously on the target. Each target Is 
to be marked also with its characteristic letter or number, so 
that Its individuality may be recognized by the transitman 
from the most distant point of observation. Tlie angles for 
determining tbe correct centre of any target should be laid off 
continuously on the limb of the transit. All foresights should 
be inspected occasionally so as to see that they have not been 
disturbed, although any disturbance vfiW be discovered, the 
fir^ time that the fot-esight is used, by tbe three lines failing 
to intersect in a point. 

When piers are to be built in open coffer-dams, the work of 
looatlng them is comparatively simple, for when they are 
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once located little or no moyement takes place afterwards. 
But when piers are to be sunk by the pneuioatic process or by- 
open dredging, great care must be taken at every s^p, because 
the pier is always either moving or liable to move at any mo- 
ment. In sinking piers by either of the two last^nentioned 
processes, the resident engineer should keep such notes that 
from them he can report daily as to the exact horizontal posi- 
tion of the cutting edge of the caisson, the position of the top 
of the pieis the elevation of the cutting edge, the inclination 
of the axis of the pier to the vertical, and the amount, if any, 
that the pier has been revolved around its vertical axis. The 
Contractor can conduct his operations with much more cer- 
tainty of landing the pier in its true position, if he be kept 
informed as to its relative position every day. 

If temporary staging be used around the pier, from which to 
conduct the operations of construction, keeping track of the 
various motions of the pier will be a comparatively easy task, 
for the approximate alignment can be obtained from tempo- 
rary points located on the staging,, which points, however, 
need occasional checking to see that the staging has not shifted, 
slightly. 

If there be no staging, all locations will have to be made by 
triangulation, and, as before stated, two points on each pier 
will be needed in order to detect rotation. When the caisson 
has reached a considerable depth, however, the liability to 
rotate is greatly lessened. 

After all that may be said, the work of keeping the pier in 
correct position will be dependent on local conditions and many 
varying requirements. 

In respect to the levels, care should always be taken to pre- 
serve such measurements as will enable the leveller to keep a 
record of the vertical distance from the cutting edge to the 
top of the crib at each of the four corners. This will be 
necessary in order to determine how much the said cutting 
edge is out of level. 

In giving the final elevations for the copings of the piers, 
it will sometimes be found necessary to take very long fors- 
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sights, owing to the Impracticability of setting up the level 
near the piers. In such cases a backsight should be taken to 
a bench-mark about the same distance from the instrument as 
the pier is therefrom, and in the opposite direction, so as to oft- 
set a possible slight lack of adjustment in the level, and to 
compenlsate for the curvature of the earth. 



CHAPTER XXIV. 

OFFICE -PRACTICE. 

As there has been almost nothing yet written concerning the 
way in which work is handled in a Consulting Engineer's of- 
fice, the author has concluded to close this little treatise with 
a chapter on " Ofiice Practice *' ; and as no two engineers pur- 
sue exactly the same methods, and as the author is naturally 
more familiar with his own than with those of others, he will 
deal herein solely with the established practice of his own of- 
fice, which practice is the outcome of over ten years of special 
effort to secure the best possible results both expeditiously and 
economically. 

LAYING OUT WORK. 

This chapter being confined entirely to ofiice- work, it will 
be assumed at the outset that all such field data as profiles, 
maps, plats of borings, etc., have been secured. 

In bridge- work it is necessary to determine the following : 

First. The Purpose for which the Structure is to be used. —This 
being settled, there ensues the fixing of the live load, the 
clearance between trusses, and the clear height above base of 
rail or surface of roadway. 

Second, The Clear Height between Standard High Water and 
(he Lowest Part of Structure^^li the stream be a navigable one, 
the minimum clearance will be regulated by the requirements 
of the War Department. In other cases the clear height will 
depend on the required elevation of grade of railroad or road- 
way, provided that the lowest part of the superstructure will 
never offer any obstruction to floating drift or ice dudng the 
highest floods. The minimum clearance should preferably 
be ten feet, and never less than five. 

828 
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Where a low bridge is required over a navigable gtream« 

some one of the various kinds of movable bridges described 
in Chapters IX and X must be used ; but for all ordinary 
cases the rotating draw is the most suitable type. 

ITiird. Best Span LengHu to adapt, — In many cases there will 
be no choice as to span lengths, which are liable to be deter- 
mined by such conditions as the requirements of the War De- 
partment, obstruction of stream by piers, danger from wash- 
out during erection, etc ; but, where the designer has any 
choice in the matter, he should be governed by the principles 
of economy laid down in Chapter III, taking care, however, 
tliat he does not violate any of the principles of aesthetics given 
in Chapter IV, unless he be forced to do so by circumstances 
that are absolutely beyond his control. As stated lu Chapter 
III, the greatest possible economy will exist when the cost of 
eeuch pier is equal to one half of the cost of the trusses and 
lateral systems of the two spans which it helps to support. 
The determination of these economic conditions is, of course, 
a matter of cut and try; but after a few trials the economic 
span length can be approximated very closely. In making 
such calculations the trial weights of trusses and laterals can 
be found with sufficient accuracy by taking a span of known 
weight and computing therefrom the weights for the spans of 
the trial lengths by the following methods : 

A. The weight per foot of the lateral system is directly pro- 
portional to the span length, provided that the superstructure 
Is not clianged in width, which is generally the case. Should 
the width be changed, the new weight will have to be modi- 
fied accordingly, under the assumption that the weight varies 
about half as rapidly as does the width. 

B. To find the truss weight W per lineal foot of span of 
length r from the corresponding known weight W of span I, 
the following approximate but quite accurate empirical for- 
mula may be used : 

This will give approximately the weight per foot of trusses 
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for ftoj spiin length, provided the live load per lineal foot re- 
main unchanged. 

G. To find for any span length the truss weight T per lineal 
foot for a total load p' per lineal foot from the corresponding 
known weight 7 for a load p, the following approximate em- 
pirical formula may be used i 
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This is quite accurate for all ordinary spans^ but for yery 
long ones it gives too great a variation between T' and T, 

After finding the value of T', the value used forp' should 
be cheeked; and if there be any serious disagreement between 
the value assumed and that found, the substitution in the 
formula should be made anew, and so on until a satisfactory 
agreement between the said values of j/ he obtained. 

Fourth. General Layout of Structure, — The general layout 
should consist of a profile, a plan, and enough cross-sections 
to illustrate properly the entire substructure, superstructure, 
and approaches, all being made to exact scale. Eor long 
crossings, a scale of one fortieth of an inch to the foot is the 
most satisfactory, but for short crossings the scale should be 
made larger. 

The proportioning of the skeletons of the trusses should he 
done in accordance with the suggestions given in several of 
the preceding chapters, and the dimensions of the piers should 
be determined by the principles established in Chapter XXIL 

Each general layout should give the following information ] 

Elevations of bedrock, low water, standard high water, 
extreme high water, lowest part of structure, grade-lines and 
tops of piers, lengths of all spans between centres of end-pins 
or centres of bearings, distances between centres of piers, ali 
leading dimensions of piers, heights of trusses, and lengths 
and kinds of approaches. 

As soon as the general layout is completed and finally 
adopted, the computations of stresses and sizes of members of 
spans may be begun. 
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For elevated lailroods it is necesnry to determioe the 
following : 

First The namber of tracks on the various portions of the 
line, and the clearances over streets and alleys. 

Second, The live load per track to be carried by the struc- 
ture. 

Third, The location of the line, whether in the streets or on 
private property. 

Fourt?i. The style or styles of girder construction. In 
some locations the City Ordinances may require open-webbed 
girders, as these shut out less light than do solid-plate girders, 
while in other locations the plate girders would be per- 
missible. 

Ffflh. The location of columns, whether in the street or on 
the curbs, also, for locatlou on private property, the number 
of columns per bent. 

Sixth. The economic span length. As indicated in Chapter 
III, the greatest economy will exist when the cost of the 
longitudinal girders is equal to the cost of the cross-girders, 
columns, and pedestals. Where the columns are located in 
the street or on the curbs, due consideration must be given to 
the probietble cost of removing underground obstructions, such 
as water-pipes, gas-mains, etc 

With these points all settled, the calculations for propor- 
tioning all parts of the structure may be proceeded wiUi. 

Where the structure is on a curve, it is best to make the 
bents radial whenever practicable. The eicact location of 
each column should be figured from certain known lines, and 
all ordinates for same should be indicated on the layout. 
Much careful study should be given to the work of establish- 
ing each feature of the layout; for, if mistakes be made 
therein, they are liable to cause great delay and expense 
later on. 

Roof-trusses and steel buildings will not be treated in 
this book, as it deals mainly with bridges, viaducts, and 
elevated railroads. The office work connected with the de- 
signing of roofs and steel buildings will, however, not differ 
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eflMnHftUy from that pertaioicg to the designing of the other 
structures. 

CALCULATIONS. 

After the letding features of any proposed structure have 
been determined, and after the general layout thereof is com- 
pleted, the next step to take is the making of the calculations 
necessary to determine the stresses in all the parts and the 
proper sises for same. 

For eonveniehoe in making to correct scale pen-sketches 
of the yarious porticms of the desigD, the author uses a cross- 
section paper divided into one-quarter-iuch squares, the sheets 
being ten and a half inches wide by sixteen inches long^ which 
size experience has shown to be the most satisfactory. At 
the bead of eadh page are written the date, title of structure, 
and name of computer. 

At the beginning of each set of calculations the following 
general data for spans are giren : 

Fint. Length of span. 

Seconds Number of panels. 

Third. The various truss depths. 

Fourth, Perpendicular distance between central planes of 
trusses. 

Fifth, Live load or loads to.be used. 

8ixih, Wind loads for both upper and lower lateral systems. 

Be^nth. Spacing of stringers. 

The dead load from the track and ties in railroad bridges or 
from the timber floor or pavement id bighway bridges is fii^st 
determined, using the unit weights of materials given in 
Chapter XIV ; then the stringers or longitudinal girders are 
figured and proportioned, after which their weights and that 
of their bracing are computed. 

Next the floor-beams or cross-girders are proportioned, and 
their weights are figured. From all these weights the weight 
per lineal foot of the metal in the floor system is next found. 

As tlie lateral system can nearly always be deugned before 
the trusses, it is generally best to compute the weight per 
lineal foot of the entire lateral system before the trusses are 
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touched, J^ecftose the dead load for the latter will be affected 
by the weight of the former. 

KffiLt it is Beceseary to aisume the weight of metal per Uaeal 
foot for the trusses, using, if necessary, the formuhe given 
preyiottsly In this chapter. This completes the data for the 
preliminary dead load, which will consist of the following 
items : 

FirH, Flooring (timber, track, pavement, etc.). 

Beeond, Floor system (stringers, stringer-bracing, and fiooiv 
beams). 

Thiird, Lateral system (upper and lower lateral S3nitem8» 
vertical sway-bracing, and portal-bradng). 

Fawrth, Trusses. 

In making up the dead load, the end floor-beams and pedes^ 
tals must not be included, as their weight produces no bending 
moment on the span. 

The dead- load stresses in trusses are always found analyti- 
cally for spans with parallel chords and equal panel lengths; 
but for all other cases they are determined graphically, and 
are checked by a single numerical calculation at the member 
where the graphics stop. 

Whenever it is practicable, in making arithmetical com- 
putations, the slide-rule is employed. For ordinary work, in 
which the total stresses can be written with six figures, a 
twelve-inch slide-rule will give the stresses accurately in 
thousands of pounds; but where the stresses are greater, 
Thacher's cylindrical ^de-rule is employed. 

The live^load stresses are found by the method exfdained in 
Chapter XIX. 

The computation of all stresses found analytically is facili- 
tated by determining the trigonometrical functions involved 
in the calculations, and multiplying the panel loads by them. 
By setting these products on the slide-rule and using the 
proper tabulated coefficients, it is often pmcticable to read off 
a large series of stresses without resetting the slide. 

The dead-load stresses and the live-load stresses are written 
on separate diagrams on the calculation-sheets. 

The impact stresses are found from the live-load stresses by 
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slide-rale from the fonnnls giren in eHber Chspler XIY or 
Chapter XVI, as the case maj he, or from the <9oneBpoiiduig 
tables at the end of ^the hook, and are written oa. a separate 
diagran^ 

Next are computed all the wind-stresses which could poasi- 
blj affect the sizes of the sections of mam-tniss members^ and 
these are recorded either on a separate diagram or on one of 
those already prepared, in the latter case care being taken to 
hidicate that each such stress is marked as a wind-load stress. 

Next the various combinations of all stresses are made and 
recorded on a new diagram, after which the required sec&ws 
of all main memben are figured according to the specifica- 
tions, and are recorded on the same diagram; then the actual 
sections are proportioned and recorded there also. 

The exact lengths of all members, including camber allow- 
ances, are next figured and recorded on the last-mentioned 
diagram. . 

Next the wdght of metal in the trusses is estimated. For 
preliminary estimates, the weights of details are percentaged 
from recorded results of previous similar estimates ; but if 
the structure be of an unusual type or size, the details are 
sketched and their weights are computed. 

Next the total weight of metal in the structure is figured, 
and the dead load is checked. If it does not agree with that 
assumed within the limit of error set in the specifications, a 
new dead, load is assumed, and the entire computali<Mi8 of 
total stresses, sections, and truss weights are made anew. It 
is very seldom, however, that it is necessaiy to make these 
calculations more than once, owing to the great mass of 
accumulated data concerning weights of metal in all kinds of 
bridges. 

In. making any ^et of calculations the computer should 
check back on his work at short intervals, so as to see that no 
error has been made, because the effects of such errors often 
extend over all succeeding computations. 

In determining stresses graphically, the frame-diagramshould 
be laid out on as large a scale as is convenient, and the load- 
diagram should be made as small as practicable ; for the large 



OFPICE-PBAOTICE. 335 

frame gives great accuracy in idcUnatioDS of members, which 
Ib the all-important point in graphical computations, and the 
amall load-diagram confines the graphics to a reasonable space. 
If the inclinations are correct, accurate results will be obtained 
with a yery small load-diagram. The author's limits of error 
for graphical work are one quarter of one per cent at mid- 
span and one per cent at the far end of span. Should the 
error exceed these limits, the graphical work has to be done 
anew. Smooth paper, sharp pencils, true triangles, and per- 
fect stmight- edges are necessary to secure good results, to 
which list should be added painstaking accuracy in every 
manipulation of the appliances. 

All calculations on the standard sheets are made in black 
copying-ink ; and when they are checked by another computer, 
as is the invariable custom in the author's office, all cbeck- 
marks and corrections are made in red ink, and each page 
checked is so marked and initialed by the checking computer, 
who not only verifies all the numerical calculations, but also 
follows carefully each step in the design so as to guard against 
all possible errors. The work of checking is greatly facilitated, 
if all the steps taken are indicated plainly, so that they can be 
easily followed by the checker. Each result checked is ticked 
off with red ink. 

MAKING DRAWINGS. 

Owing to the necessity for having several copies made of 
each drawing, the latter is first laid out'in pencil on brown 
paper, and is copied in ink on tracing-cloth. In some simple 
designs, however, the pencilling is done directly on the trac- 
ing-cloth ; but this is the exception rather than the rule. For 
convenience in handling and filing, it is very desirable to have 
all drawings made of a uniform size. After several years of 
experience, a size of twenty-nine inches in width and thirty- 
eight inches in length has been adopted as best suited for 
bridge plnns. This size may be used for all detail drawings 
and stress-diagrams, but it is often necessary to increase the 
length for profiles and general drawings. The drawing is 
always made on the rough side of the tracing-cloth, as it is 
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often coiiTeiileDt to do a coosiderable amoaDt of drawing and 
writing in pencil on the sheet. Another reason for using the 
rough ride i»that any erasure shows less thereon than it woald 
on the smooth side, and it is often necessary to do considerable 
erasing on tracings. 

As before stated, the first drawings to be made are the gen- 
eral profile and plan with cross-sections, to establish all the 
main dimensions of the structure. These drawings can be 
prepai'ed before the computations are finished. Next come 
the stress-diagrams, which should contain the cambered lengths 
of all members, the dead load, live load, impact and wind-load 
stresses, and the greatest combinations of same, the sections 
required and those used for each main member, and the fol- 
lowing general data: 

First, Length of span from centre to centre of end-pins. 

Second. Number of panels. 

Third. Perpendicular distance between central planes of 
trusses. 

Fourth, Depths of trusses. 

Fifth. Dead load for floor system per lineal foot of span. 

Siaei^i. Dead load for trusses per lineal foot of span. 

JSeverUh. Live load for stringers per lineal foot of span. 

EighiJi. Live load for floor-beams per lineal foot of span. 

Ninth. Live load for trusses per lineal foot of span. 

Tenth. Wind load on upper lateral system per lineal foot of 
span. 

Mleventh, Wind load on lower lateral system per lineal foot 
of span. 

Twelfth. Clearance required above base of rail or floor. 

Thirteenth. Kinds of materials to be employed in all parts 
of structure. 

Fourteenth. Diameters of rivets to be used. 

The stress-diagram proper may be simply a line-drawings 
each main member being I'epresented by a single right line, or 
all the main members may be drawu to scale by means of their 
periphery -lines. The latter method is generally adopted be^ 
cause of the improved appearance of the sheet which it affords. 
The scale for any stress-diagram should be large enough to 
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give plentjrof room between ptmel points to contaiiiAll tbe 
necessary writing. 

After the stress-diagrams are completed, the detail drawings 
i^re begun. Thei*e is considerable difference in the method^ 
employed by consulting engineers to convey to mani^factureisi 
an understanding of the design which they desire to have 
executed in the shops. Some insist that the only proper 
method for the engineer to pursue, if he desires his details to 
be followed, is to make complete working or shop dn^wiugs, 
ready to be turned over to the template makers, while others 
prefer to make what are termed general detail drawings, which 
show to exact scale all the details, and give aU important 
dimensions and the number of rivets in each connection, but 
which do not locate each rivet by figures, leaving the working 
drawings to be made by the manufacturer. When the latter 
method is adopted the working drawiogs must be sent In du< 
plicate to the engineer for his approval before any of the work 
is sent into the shops, the said drawings being checked by the 
engineer's assistants, not only to see that they agree in every 
important particular with the original drawings, but also to 
make sure that they contain no errors of any kind. 

The latter method is the one which the author invariably 
employs, and for adopting it he gives the following reasons : 

FirsL Each bridge-shop has certain methods of doing work, 
which demand that the working drawings be made in accord- 
ance therewith ; otherwise the cost of the manufacture is 
materially increased. These methods cannot be considered 
by the engineer, who has neither the time nor the inclination 
to go to the trouble of acquainting himself with the various 
methods of all the leading bridge-shops of the country. 

Second. The nature of the work of a consulting engineer is 
not such as to justify him in keeping together enough trained 
draftsmen to execute with sufficient rapidity the large amount 
of drawing necessary, if the first-named method be followed. 

Tliird. The capacity for accomplisbing work in a consulting- 
engineer's office when the second method is employed is prob- 
ably three times as great as it would be were the first method 
adopted, 
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Fourth, With the careful and thorough system of checking 
shop-drawings iu vogue in the author's office, all the advan- 
tages to be gained by making complete working drawings are 
obtained by the much simpler method of making complete 
detail drawings. 

Fifth, The manufacturer always appears to be better pleased 
and satisfied if the making of the shop-drawings be left 
to him ; and the work of manufacturing the metal proceeds 
more smoothly in cou sequence. 

In starting a detail drawing, the first thing to be done is to 
lay out- a sheet of standard size. If the subject be a framed 
structure, such as a bridge or roof truss, it will greatly econo- 
mize space on the drawing if the skeleton frame be laid out on 
a small scale, say three-eighths or oue-half inch to the foot, 
thus giving the proper inclinations of all members, and if the 
details at all the panel points and connections be made to a 
larger scale, say three quailiers of an inch or an inch to the 
foot. The centre- of- gravity lines of all niniu members should 
coincide with the lines of the skeleton diagram. For the 
details of ordinary bridges the scales just mentioned will be 
found the most satisfactory. 

It is a very common error among bridge-draftsmen, when 
two different scales are used, to make the principal lines of 
the main members continuous between panel points, thus 
exaggerating the apparent size of the said members. This is 
entirely wrong, and is often the source of serious errors in the 
shops. In such drawings, the main members should be broken 
off before their principal lines meet midway between the panel 
points ; and it is often advisable to show a section of the 
member between the broken ends. 

After deciding upon the scales, the next step is to determine 
what portions of the structure are to be shown on each sheet, 
if more than one is to be made, and what is the best possible 
arrangement for all details on each sheet so as to fill it uni- 
formly and allow ample space for illustrating each detail in 
the requisite number of views. For shoit spans, up to say two 
hundred feet, by carefully arranging the details, everything 
can be shown clearly on a standard sheet of twenty-nine inches 
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by thirty-eight inches. The sizes of all connecting-plates, 
stay-plates, lacing-bars, connecting-angles, pins, fillers, riyets, 
etc., should be given, also those of all main members ; and 
the exact spacing from back to back of all angles, channels, 
and webs, forming the various members, should be clearly 
indicated. The packing at all panel points should be shown, 
and the exact spacings therefor should be given by figures. 

There should be indicated also all leading dimensions, such 
as the exact cambered lengths from centre to centre of pin- 
holes for all truss members; the vertical distance from centre 
of bottom-chord pins to base of rail; the vertical distance from 
centre of bottom-chord pins to bottom of floor-beams; the 
vertical distance from base of rail to top of masonry; the 
clearance required above base of rail; the spacing of anchor- 
bolts; the lengths of all built members beyond centres of pin- 
holes; the spacing of rivets in flanges of stringers, floor-beams, 
and chord members in a general way, such as " 16 spaces of 
3" each," or *'3" spacing as nearly as may be"; the distance 
from back to back of opposite flange angles in all girders and 
struts; the widths of webs of all plate girders; the spacing of 
sti£fening ^ngles ; etc., etc. All joints which are to be planed 
or faced should be so indicated. 

Each sheet should have a general and descriptive title 
written in a neat but plain style of lettering. The title and 
the number of the drawing should be placed in the lower right- 
hand comer. 

A single line drawn one-half inch from each edge of the 
sheet should deflne its margin, and if a rather fine line be 
drawn for each boundary of the tracing, and the sheet be 
trimmed just up to these boundary-lines, the blue-printer will 
have a well-defined border to which to trim his prints. 

All lettering should be plain, but executed in a neat and 
workmanlike manner. Nothing adds more to the appearance 
of a drawing than neat lettering. Special care should be 
taken to locate all dimension -lines so there can be no doubt 
as to the distances they are intended to fix. All notes should 
be written in positions where they will be easily noticed, and 
so that they will not interfere with the lines of the drawing. 
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▲ set of gooeral notes should be given on eaeh Aeet ^ 
details, specifying the kinds of jmaterial, tbe aises of rivets. 
the diAmeters ol rivet-hoies before and after reaming, tlie 
manner in wbicli all plates are to be finisbed, etc. 

After each sbeet is pencilled, it sbould be checked carefully 
to see that tbere ure no errors tkereoo; then, after the teacing 
is finished, it must be checked in detail— if possible by some 
one who was not concerned in its preparation. 

The following standard instructions of the author's to his 
office-assistants concerning the checking of dmwings will in- 
dicate what such checking should accomplish and the essential 
thoroughness thereof ; 

GENERAL DETAIL DRAWINGS. 

First. Go over all dmwings for the entire de«gn and see 
that every detail of the structure is shown in a su^ciant num- 
ber of views to muke clear to the manufacturero exactly what 
is intended by the designer. 

Second. See that every detail has been dimensioned so that 
it can be readily laid out on the working drawings. See also 
that all sections of connectiun angles, fillers, etc., are given. 

Third. See thut proper descriptive notes are given wher- 
ever necessary to make clear the reasons for any special da- 
tails. 

Fourth. Examine each detail and see that every porUoii of 
it is strong enough to cany properly the greatest stress that can 
ever come upon it. Make sure that enough rivets have been 
used, and that they are indicated to be CQunteraunk or flat- 
tened wherever necessary to provide proper clearance. 

Fifth. In checking up the packing at the panel points, see 
that all members which are to be brought on to the pin are 
shown, and that a sufficient clearance has been figured for 
each. Make sure that all forked ends have the requisite 
strength, and that diaphragms between same have been used 
wherever necessary. Check up the bearing of each member on 
the pin, and make sure that plenty of rivets have been used 
to convey the stress from the extension-plates to the maio 
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member. Remember that the stress to be provided for at the 
bottom of a vertical post Is not the stress on the post itself, but 
the algebraic sum of the vertical components of the stresses in 
all diagonals attaching to the pin at the foot of post, or, ap- 
proximately and on the side of safety, the stress on the poet 
plus one half of a panel -floor load. See that no bar diverged 
from the central plane of truss moi-e than one eighth (|) of an 
inch to the foot. 

See that fillers are shown and their sizes given wherever 
they are necessary to hold the members to exact position on 
the pins. 

Check all pins for the greatest bending moments coming on 
them, determining the same by combining the bending mo- 
ments in two directions at right angles to each other. 

Sixth. See that the centre-of-gravity lines of all members 
are shown; and where any such line is not in the central plane 
of member, see that it is located from the side of the section. 

Seventh. Wherever a drawing is either wholly or partially 
shown in section, see that the exact point at which the section 
is taken is indicated in writing, and that the section line is 
properly shown on the other views to which the note refers. 

Eighth. Compare all sections of members and all leading 
dimensions with those on the stress-diagram, and see that they 
co^groond thereto. 
^^^^L. See that all stay -plates and lacing-bars are shown, 
^^^^H|it the sizes for same are given; also that these sizes com- 
flpP^^ith the requirements of the specifications. The inclina- 
tions of all lacing-bars should be given. 

Tenth. See that all extension- plates of forked ends are car- 
ried at least six inches inside the end stay-plates, and that 
they are strong enough to develop the full strength of the 
main member, even though the computed stress be small. 

Eleventh. See that all reinforcing-plates at ends of mem- 
bers are so distributed as to balance as nearly as practicable 
the bearing on the two sides of the main section. 

Twelfth. Compare drawings which show the same details, 
80 as to make sure that all are alike. 

Thirteenth. See that the same style of detailing has been 
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followed on all drawings. Where seyeral draftsmen are 
employed od the same piece of work there is liable to be quite 
a diversity of details, illustrating the individualities of the 
various draftsmen making them. 

Fourteenth. When a change is made in any part of a draw- 
ing, see that said change is carried through all the sheets 
which are affected thereby. 

Fifteenth. See that when any drawing or portion thereof 
is abandoned it is so indicated clearly throughout all the 
drawings. 

Sixteenth. Check all forked ends for transverse bending, 
and see that they have been reinforced wherever necessary. 

Seventeenth. Wherever timber-bolts are to be used, see that 
they arc plainly indicated, that their sizes and lengths are 
given, and that washers are provided beneath all heads where 
the bearing is on the wood. 

Eighteenth. See that all screw-ends of rods are upset, unless 
they are to have cold-pressed threads. See that all diagonal 
rods are provided with proper adjustments, and that all 
clevis-pins and plates are of proper strength. See that no 
pins of less than two and a half inches diameter are used, and 
that they are set at least one and one-half diameters from edge 
of plate. 

Nineteenth. See that each sheet is provided with general 
notes, as follows : 

A. Kinds of material to be used throughout the structure. 

B. Diameters for rivets. 

C. Sizes of rivet-holes before and after reaming. 

D. Manner in which the edges of all web-plates are to be 
finished. 

E. What ends are to be faced and what are not. 
Twentieth. See that all notes are written in good English, 

that all words are spelled correctly, and that they express 
exactly what is intended. 

Twenty-first. See that each di-awing is provided with proper 
titles, that it is numbered correctly, that the scale or scales 
are indicated, and that the name of the draftsman and date 
of completion of drawing are given. 
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Twenty- second. See that the drawings scale, and, if they 
do not, make a note saying that the dimensions written on the 
drawings are to be followed in preference to the scale where 
there is any discrepancy between the two. 

Twenty-third. In short, check over all details, dimensions, 
sections, and notes given on the drawings, so as to make sure 
that everything is in strict accordance with the specifications 
and with the data furnished for the structure* 

SHOP DRAWINGS. 

First. Make sure that the sections and details conform In 
eve^ paiticuiar with those given on the general detail drawings 
and stress-diagrams, excepting in minor points, where slight 
changes may be niude to facilitate the work in the shops, pror 
vided, of course, that such alterations do not in any way impair 
the strength, durability^ or appearance. 

Second. Check oyer all field connections to see that there 
are no rivets which are so located that they cannot be satisfac- 
torily driven in the field. 

Third. See that all members have proper clearances at panel 
points, and that all rivet-heads, wherever necessary to provide 
such clearances, are countersunk or flattened. 

Fourth. Check over all lengths of members and rivet-r 
spacing for field connections to make sure that the holes will 
match in the fi^eld. 

Fifth. Check over all bills of material to see that the 
proper number of pieces have been ordered, and that they 
are of proper sections and lengths. 

Sixth. Always have the shop-drawings sent to the office in 
duplicate, and check up the two sets, retaining one set in the 
office and returning the other set with corrections or approval 
marked thereon. Where drawings are returned to shops with 
corrections marked on them, revised prints must be sent for 
approval before the work is put into the shops. 

It is often necessary to make changes on a tracing, and in 
doing so great care should be exercised, otherwise a drawing 
which has cost considerable time and money may be ruined. 
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For makiug slight erasures, a very sharp knife skilfully used 
will be found effective, ad it can be so manipulated as to 
aifect nothing but the parts to be erased. Another expedient, 
where only a slight erasure is to be made, is to use a thin 
dheet of celluloid or durable cardboard, in which are cut 
small holes corresponding to the work to be changed. This 
sheet is laid on the drawing so that a hole comes over the part 
to be erased, then a sand-eraser is rubbed over the hole, and 
nothing is damaged except the portion which is changed. 

FILINO DRAWINGS, CALCULATIONS, SPECIFICATIONB, BTG. 

In the course of a few years* practice the office records of a 
consulting engineer grow to such proportions that, unless 
some systematic method of filing and indexing them be 
adopted, it is impossible to refer thereto without a great deal 
of delay and annoyance. The filing of calculations and speci- 
fications is a comparatively easy matter, but to keep an 
accumulating lot of drawings in good shape for ready refer- 
ence is by no means such. Duriug the time that the author 
has been engaged in active practice several methods have been 
employed for filing tracings. One great difficulty with the 
earlier drawings was that they were of varying dimensions, 
some as large as forty-two inches by ninety-six inches, and 
others belonging to the same set as small as eighteen inches 
square. At first large cases of drawers were used for laying 
out the tracings flat, each tracing being stamped ^ith num- 
bers designating the lot and drawer to which it belonged, and 
an index being kept of all drawings recording the numbers of 
the lot and drawer. The objections to this method were that 
the smaller drawings got lost among the larger ones, thun 
often necessitatiug a complete overhauling of an entire drawer 
to find a tracing, and it was impossible to keep the large 
drawings from becoming folded and cracked at the edges and 
corners. 

Later it was deemed advisable to bind each set of drawings 
together with patent fasteners along one end, but this method 
was soon abandoned, owing to the difficulty encoimtered in 
getting out tracings for blue-printing and reference. 
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The method of laying the trachigs flat in drawera was aban- 
doned, and they are now filed in cardboard tubes, thirty 
inches long and four inches in diameter, with ligMly fitting 
covers of the same material. Each tube ht^ on the cover its 
index number and a type- written list of the traeinga it con- 
tains. The tracings are rolled in small buaches of four or 
five, and each bunch is held to small diameter with a rubber 
band, to which is attached a tag giving the nuqaber and title 
of each of the sheets contained in the rolL Five rolls are 
placed in each tube, making a total of from twenty to twenty- 
five tracings per tube. The tracings should not be rolled so 
closely that they will become creased. 

An index is kept of all tubes, giving tlieir numbers and the 
titles of the drawings contained in each ( and there is in addif 
tiou an alphabetical index of the drawings. 

The tubes are set in cases with their covers exposed, and are 
so arranged that any tube can be easily reached or removed 
from the case if necessary. 

Copies of all shop-drawings are also kept on file for refer* 
ence. These are put in larger tubes, and as there ia never 
any necessity for separating a set, as is the case with t^ 
tracings, each set is bound together when complete. The 
shop-drawings are all included in the two indices. 

The specifications and calculations are kept in filing cases 
prepared especially for them, and both are indexed. Thes9 
cases consist of a series of small shelves about one and a half 
inches apart, each shelf being numbered. 

When a set of calculations is complete, the sheets are all 
bound together in one book with removable fastenings, so 
that they can be easily separated when it is necessary to dis- 
tribute them among several draftsmen. These sets are all 
numbered with the numbers of the shelves on which they are 
to ba filed. 

In indexing all work every article should be indexed under 
as many headings as practicable. 
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OFFICE MATERIALS. 

All calculation-blanks should be of an extra-good quality of 
paper, capable of withstanding a great deal of erasing and 
scratching, which is often necessary in making sketches for 
details. The tracing-cloth should be of the best quality, as it 
is impracticable to make a good drawing on poor cloth. The 
best brand that the author has ever used is the Imperial. 

Powdered chalk or talcum should be rubbed over the sur- 
face of the tracing-cloth to make it take the ink uniformly. 
Pencil-marks and dirt can be easily remoTcd from a tracing 
by moistening a towel in benzine and washing the surface of 
the cloth with it. If a good quality of ink be used it will not 
be affected by such washing. 

There are many liquid India inks in the market, but none 
of them will give quite as good results as will the genuine 
stick ink when properly ground; nevertheless, except for very 
fine work, the former are preferable on account of the saving 
of time which they effect. Higgins' water-proof ink is the 
most satisfactory which has yet been tried in the author's 
office. 

A good quality of brown detail paper is very essential, for 
there is in all kinds of detailing a great deal of erasing to be 
done; and time is always saved by using good, tough paper 
that does not rough up by having an eraser used upon it. 

CONCLTTSION. 

In concluding this chapter on ** Office Practice*' the author 
desires to again call the reader's attention to the necessity for 
adopting the most systematic methods possible for doing all 
kinds of work, keeping all kinds of records, and filing all 
kinds of accumulated material. As soon as a large piece of 
work is finished a thorough systemizatiou should be made of 
the knowledge obtained in making both the design and the 
various calculations, so that the office force shall be able to use 
the same to the best possible advantage when starting on an- 
other similar piece of work. And whenever there is any 
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spare time iu the office for any of the employees it should be 
devoted to accumulating, digesting, and putting in convenient 
form for use the results of previous investigations, and to do- 
ing such work as tabulating and recording on diagrams the 
weights of metal per lineal foot of span for bridges of all 
kinds. 

Finally, in bringing this little treatise to a close the author 
feels that he cannot do better than to repeat from Chapter II 
the following principle : " The systemization of all that one 
does in connection with his professional work is one of the 
most important steps that can be taken towards the attainment 
of success." 
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Table VII. 

CKNTRiruaAL FORCE IN PERCENTAGES OF LIVE LOAD. 

jrt X 100 
C.F, = 55-3-77-5. V = Velocity in feet per second. R = Radius in feet. 
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Note. — The stepped line shows the limiting percentages for a super 
elevation of 4'* for outer rail. 
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BENDUia HOUBMTS ON PINS. 
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Table XI. 

INTENSITIES FOB FORKED ENDS AND EXTENSION-PLATES 

OF COMPRESSION-MEMBERS. 

Formula: P= 10000 - SO^. 
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Table XVI. 

INTENSITIES OF WORKING-STRESSES FOR VARI0XJ8 

MA'ra^RlALS. 

TXIVSION-8TRBSBB8. 

Esre-burs , . 18000 lbs. Deraq. in. 

Shapes .16000" " •• " 

Ilauges of floor-beams and stringers (counting In ^ 

ofweb) 14O00 *• " ** " 

Hip verticals (eve-bars) 16000 ** •* *' •• 

" '* (shapes) and hanger plates « 14000 '* " ** •* 

Adjustable members, soft steel 16000 ** ** ** ** 

" " wrought iron.. 18000 ** " " •* 

Lateralrods 18000 * " «♦ " 

** shapes .... 16000 ♦• " " •* 

OOMPRBSSION-STRBSSBS. 

I 

Top-chords 18000 lbs. — 70- per sq. in. 

Inclined end posts... 18000 lbs. - 80- " " " 

r 
i 

Intermediate posts and subdiagonals .. .. 16000 lbs. — 80- ** ** ** 

Lateral struts (no impact for wind loads) . . . 16000 lbs. — 60- ** " ** 
Columns of viaducts (fixed ends) 16000 lbs. ^ 60^ " •• •* 

T 

({ = unsupported length; r = radius of gyration, both in 
same unit.) 

Forked ends and extension-ptates 10080 lbs. — W^ " *• *' 

(I = length in inches from centre of pinhole to first rivet 
beyond point wliero full section of member begins; 
t = thickoess of plate.) 

Boilers, allowing for impact, static load OOOld per lin. in. 

movlngload aOOd " *' ** 

(d = diameter of rollers in inches.) 

SB KARINO-STRBSBBS. 

Webs of plate-girders, medium steel, net section . . 10000 lbs. per sq. in. 
Pins and rivets 12000 " " *^ ** 



BBNDIHG-STRHSSES. 

Extreme fibre of rolled sections of medium steel, 

impact included 16000 lbs. per sq. in. 

Extreme fibre of timber beams, impact included . . 8000 ** 






ii %• I. 



 Increase net section through eye 50 per cent over that of body of 
member. 



TABLE XVI. 369 

t 

Table XVI— (Continued.) 

INTENSITIES OF WORKING-STRESSES FOR VARIOUS 

MATERIALS. 

400 
Impact, railway bridges, 1= ,. . -qA . 

Impact, highway bridges, I = 7— r-TgS* 
(L = Length in feet of span.) 

For reversing-stresses figure the areas required tor both tension and 
compression and add fi of the lesser area to the greater. 

For combined deaa, live, and wind load stresses strain 80 per cent 
hi^er than for dead and live load only. 

The effect of reversion of stresses in case of wind loads is to be 
ignored. 

No impact is to be added for centrifugal and traction loads. 
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PAOB 

" A " truss-bridges, advantages of 6 

" A " truss-bridges, history and description of 6 

Abandoned drawings 342 

Abuse of man-power machinery. 128 

Abutting ends. 174 

Abutting ends, workmanship on 267 

Accessibility to paint-brush 25 

Accidents, responsibility for 263 

Accuracy in base-line measurements 317, 318 

Accuracy in punching 254, 287 

Adherence to principles in designing 4 

Adjustable members 149, 171 

Adjustable rods for draw-spans 192 

Adjustment of draw-spans 128 

Adjustment of rollers for draw-spans 196 

Adoption of subpunching and reaming 9 

Advantages and disadvantages of high and low bridges.. 119 

Advantages of combined bridges 13i3 

Advantages of lift-bridges 113 

Advantages of medium steeL « 8 

Advantages of soft steel 8 

Advantages of the arch 79 

iSsthetic reform in bridge-building 45 

Esthetic reform in bridge-building, opposition to 45 

.^^thetics in cantilever iSridges 61, 62 

iSsthetics in design. 39 

Esthetics in design, fundamental principle of 47 

Esthetics in East Omaha draw-span 48 

<£sthetics in general engineering constructions 42 

Esthetics in painting 52, 53 

JSsthetics in pier designing 53, 54 

Alteration of drawings 243, 263, 342 

Ambiguity in stresses in ordinary draw-spans 121 

Ambiguity in trusses. 219 

a78 
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PAOI 

American Institute of Architects 284 

Analytical method of finding stresses 333 

Anchorage against wind-pressure in cantilever bridges. . 66 

Anchorage details for cantilever bridges 66 

Anchorage for lower tracks of drums 196 

Anchorage for railroad bridges 150 

Anchorage of columns to pedestals 27 

Anchorages for draw-spans 124^ 198 

Anchorages for elevated railroads 94 

Anchorages for trestles, weights of 90 

Anchorages of cantilever bridges, concrete for 66 

Anchorages of cantilever bridges, weight of metal in.. . . 73 

Anchorages of cantilever bridges, wells in 66 

Anchor-arms, economic lengths of 75 

Anchor-arms of cantilever bridges, stresses in 58 

Anchor-bars for cantilever bridges 66 

Anchor-bolt connections to columns 181 

Anchor-bolts, specifications for 259 

Anchoring spans to bearings 24 

Anchor-piers of cantilever bridges, weight of masonry in. 67 
Anchor-spans of cantilever bridges, proper lengths f dr. . . 75 
Anchor-spans of cantilever bridges, weight of metal in, 

73,74 

Angle measurements 323 

Angles connected by one leg only, proportioning of 170 

Angles connected by one leg only, tests of 27 

Annealing 255 

Annealing test-specimens 247 

Appearance of curvature 20 

Appearance of structure to be governed by location. ... 46 

Approaches, flooring on ^ 216 

Approaches, ornamentation oL '. 53 

Appropriate ornamentation for bridges 47 

Arches 79 

Arches, cantilevered 80 

Arches, curvature of 84 

Arch depths. 84 

Arches for highway bridges 81 

Arches, future investigations concerning 85 

Arches, hinges for 84 

Arches, spacing of .^ 85 

Architects' charges against American bridge-designers 

for want of taste 40 

Architectural effect, provision for 17 

Arkansas River Bridge. 310 

ArrangpQment of members in pairs 21 
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PAOK 

Assembling of turntables in shops 200 

Association of inspectors, propo^ 283, 287 

Assumed uplift for highway draw-spans 239 

Assumed uplift loads for draw-spans 184 

Assumed upward dead-load reaction in draw-spans 122 

Assumed upward-reaction method. , , 270 

Attachment of column feet 148 

Attachment of suspended spans to cantilever-arms 65 

Author's instructions to field-engineers 288 

Author's standard instructions for checking drawings. . 340 

Authorfs standard instructions to metal-inspectors 284 

Auxiliary, triangulation-hubs 324 

Avoidance, of skew-bridges. 18 

Avoidance of torsion 20 

Axiom in architecture, fundamental 42 

Bad inspection. 281 

Balanced loads for draw-spans 184 

Ballast tanks, for Halsted Street Lift-Bridge 110 

Ballot on. The Compromise Standard System of Live 

Loads, .etc. 267 

Bascule .bridges 105 

Baseline . measurements 317 

Baselines,, lengths of 322 

Base-ilines,. location of 321, 322 

Batten.plates 174, 232 

Batter .for. piers 305 

Batter ior. trestle columns 87 

Bearing-plates for plate-girder spans 169 

Bearing-plates over drums 200 

Bearings .for. arches 289 

Bearings .upon, masonry 156 

Beautifying hridge-designs without increase of cost 46 

Beauty, of .proportion and mathematics 44 

Bed-plates ,,,, 177 

Bed-rock, preparation of, to receive masonry 291 

Bending due to weight of member 159 

Beliding moments on pins 157 

Bending, moments on top chords 158 

Bending on inclined end posts. 159 

Bending on inclined end posts of highway bridges. . 226 

Bending .tests... 248 

Bent eyes. V... 178 

Benzine for washing drawings 346 

Bessemer steel 246 

Best kinds of metal paint 10 

fBest lengths for tape-lines 318 
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PIGI 

Best method ol letting bridges S 

Best sections for eelumns 60 

Best spftn-lengths for bridges 329 

Best span-lengths for trestles 86, 180 

Bevel gears 204 

Binding calculations 345 

Binding drawings 344 

Blunders in shopwork 282 

Bolt-holes in timber trestles 279 

Bolts in timber trestles 279 

Bottom-chord packing 176 

Bottom chords for truss draw-spans • 191 

Bottom chords, reversion of stresses in 32 

Boxes for shafting 206 

Braced steel piers 313 

Braced towers for elevated railroads. 93 

Bracing between cylinders 313 

Bracing for draw-spans 191 

Bracing for trestle-towers •, 89, 179 

Bracing-frames for deck-spans 167 

Bracing-frames in multiple- track structures 25, 26 

Brackets for pinions • . • . 193 

Brackets in elevated railroads. • 180 

Brick piers 309 

Bridge approaches, ornamentation of 63 

Bridge-designing still in process of development 43, 44 

Bridge disasters 131 

Bridges designed by manufacturers 3 

Brown paper for drawings 346 

Buckle-plate floors 143 

Built members, workmanship on 266 

Built stringers for highway bridges 230 

Burnt rivets .. . 289 

Cables for Halsted Street Lift-Bridge Ill 

Caissons 292 

Caissons of steel and concrete 309 

Caissons of timber and concrete 808 

Calculations 332 

Calculations, binding of *. 345 

Calculations, filing of 344, 345 

Calculations, graphical 334 

Camber for draw-spans 212 

Camber for highway bridges 220 

Camber for railroad bridges 149 

Canal Street Folding-Bridge, Chicago 107 

Cantilever-arms, stresses in 58 
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Cantilever bridges. 55 

Cantilever bridges, sBsthetics in 61, 62 

Cantilever bridges, anchorage against wind-pressure 66 

Cantilever bridges, anchorage entails for 66 

Cantilever bridges, anchor-bars for 66 

Cantilever bridges, combinations of stresses in 60 

Cantilever bridge designing, systemization of. 57 

Cantilever bridges, economic relations of 57 

Cantilever, bridges, erection stresses in 61 

Cantilever bridges, expansion and contraction in 67 

Cantilever bridges, finding stresses in 61 

Cantilever bridges, impact for 61 

Cantilever bridges, "live loads for 60, 61 

Cantilever bridges, pedestals for 66 

Cantilever bridges, stresses in 58 

Cantilever bridges, widening of, over main piers 62 

Cantilevered arches 80 

Cantilevering simple spans during erection 76 

Cantilevers for roof-trusses 67 

Care of machinery for drawbridges 129 

Cast iron 243 

Cast iron,, specifications for 252 

Cast-iron trimmings for decoration 52 

Cast steel,, specifications for 253 

Cement and concrete testing. 2d2, 295 

Centre-bearing turntables 123 

Centre castings for draw-spans 193, 197 

Centre piers for bascule bridges 106 

Centrifugal load 154 

Chalk, powdered. 346 

Changes in drawings 243, 342 

Changes of temperature 155 

Changing specifications 264 

Character of fiange section of plate^girders 167 

Cliarges by architects against American bridge-design- 
ers for want of taste 40 

Cheap h^hway bridges 230 

Cheap trestles 89 

Checks on accuracy in triangulation 324 

Checks on correctness of percentage curves for canti- 
lever bridges 77, 78 

Checking calculations 334, 335 

Checking dead load. 334 

Checking drawings 337, 340 

Checking finished design, method lor 29 

Checking preliminary drawings 243 
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PAOS 

Checking shipping weights 286 

Checking shop-drawings 343 

Choice of colors in painting bridges 53 

Chord packing 176 

Circulars to railroad engineers 266 

Classes of combined bridges 134 

Classification of highway bridges. 213 

Classification of piers 304 

Cleaning metal-work 260 

Clearance for elevated railroads 102 

Clearance for highway bridges » 217 

Clearance in packing, provision for 24 

Clearances in railroad bridges 144 

Clearances over waterways 328 

Clearing away rubbish, etc., for trestles 276 

Closed Boors for elevated railroads 92 

Closing thoroughfares 262 

Coefficient of expansion 318, 319 

Coffer-dams 301,302 

Coincidence of stress and gravity lines 21 

Collapsing bucket, use of 293 

Collapsing of steel cylinders in sinking 291 

Collars for shafting 205 

Colors for paints 260 

Column feet, elevation of 27 

Column feet, expansion for 89, 90 

Column feet, filling of 27 

Column feet, protecting 291 

Columns acting as beams 26 

Columns, best sections for 90 

Columns for elevated railroads 178 

Columns for trestles, batter for 87 

Columns, splices in 90 

Column tops in trestles and elevated railroads 26 

Combination Bridge Co.'s Sioux City Bridge 135 

Combinations of loads for draw-spans 186 

Combinations of stresses for plate-girder draw-spans 188, 189 

Combinations of stresses in cantilever bridges 60 

Combinations of stresses in highway bridges 225 

Combinations of stresses in railroad bridges 158 

Combinations of stresses in railroad trestles 158 

Combinations of stresses in trestle columns 88 

Combinations of stresses, recording ' 334 

Combined bridges 133 

Comparative economy of arches and simple truss spans. . 82 
Comparative importance of live and dead loads 7 
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PAGE 

Comparative . Tv:e.ight of jbridges let by the pound and 

by lump sum 2 

Competition in inspection 282 

Competitive designs, evil effects of 139 

Competitive plans 1 

Complete dat^, necessity for 18 

Composition of rolled steel 245 

Compound web-plates 174 

Compression Aauges of plate girders, sections of 167 

Compression formulflB 156 

Compromise Standard System of Live Loads, etc 265 

Concentrated loads for highway bridges 222, 223 

Conclusion 346 

Concrete for anchorages of cantilever bridges 66 

Concrete, injury to 293 

Concrete mixing. 293 

Concrete piers 310 

Concrete piers, forms for 292 

Concrete, testing materials for 292 

Connecting-plates for riveted girders 170 

Connecting web-angles to chords by one leg only 96 

Connection for shoes at ends of draw-spans 210 

Connection of columns to masonry 181 

Connection of suspended spans 69 

Connections of floor-beams to poets 148 

Consideration of quality, frequency, and probability of 

stresses 22 

Consultation concerning architectural features. ........ 50 

Contempt of engineers for architectural features in de- 
signing 44 

Contents of drawing-sheets 338 

Contents of stress-diagrams 336 

Continuity of stringers in railroad bridges 160 

Continuous spans 148 

Contraction, provision for 23 

Convergence of engineering practice and architectural 

ideals 47,48 

Correction for temperature in base-line imeasurements . . 319 

Correctness of impact formulae 7,8 

Cost of traveller affected by truss depth 32 

Counterbracing in highway bridges 219 

Counters 171 

Counterweighted bascule bridges 106 

Counterweights of Halsted Street Lift-Bridge 108 

Couplings for shaftings 205 

Cover-plates for plate girders. ; 167 
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Crimpiiig of web stiffeniAgp angl«8 94 

Cross-section paper for bridge calculations 332 

Cross-ties 141 

Crowfoot seams 297 

Cupped bearings for end rollers of draw-spans. « 210 

Curvature in chords, appearance of 20 

Curvature of arches 84 

Curvature of top chord 61 

Curved members in English bridges 20 

Curved members, objections to 19 

Curve of pressure for masonry piers 305, 306 

Curves of weights for cantilever bridges 72, 74 

Cutting off idle corners 254 

Cutting off tops of columns of elevated railroads 99 

Cylinder piers 311 

Cypress 299 

Damages 203 

Dapping ties 142 

Data for elevated railroads 102, 331 

Data for layout of structure 330 

Data for spans, list of 332 

Data, necessity for complete 18 

Dead load 152 

Dead load, preliminary 333 

Dead-load reactions in draw-spans, upward assumed 122 

Dead loads for draw-spans 184 

Dead-load stresses 333 

Dead-load stresses in draw-spans 122 

Decoration, legitimate and illegitimate 46 

Defective work 262 

Defects in timber 299 

Deflection of draw-spans 212 

Demoralized inspection 282, 283 

Depth of truss, economic 30 

Depths, effective 14.5 

Depths of arches 84 

Depths of drums 123 

Depths of longitudinal girders for elevated railroads 102 

Depths of trusses for draw-spans 183 

Designing, errors in 5 

Designing of piers 301 

Des Moines River Bridge piers 315 

Detail drawings , 243 

Detail drawings, method of making 337, 338 

Detailing 138 

Detailing of members having excessivie strength 28 
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Details of design for highway viidiM^s. -SSS 

Betails of design for open- wehhed,. riveted ^rders^ '1<69 

Betails of design for pin-connected sfnjis. 170, 22^ 

i>etails of design for platergirder draw-spans 188, 190 

Betails of design for plate-girder spans 166, 228 

Details of design for rolled I-beam apaiis. 1^, ^7 

Details of design for trestles and elevated railroads 178 

Details oi design for truss draw^pans. 191 

Details of drums and turntables 192, 241 

Details of highway bridges 230 

Details of operating machinery lor dzaws 204 

Details of trestles 87 

Details, tests of -258 

Determination of power for operating and lifting draws. 202 

Development of faculty of judgment 14 

Diagonals for lateral systems 172 

Diagonals for vertical sway-bracing 172 

Diagram of reactions for draw-spans 141 

Diameters for dnu&s 123, 124 

Dimensions for trestles 276 

Dimensions of drawings 344 

Directions to Contractor 262 

Direct tension, rivets in 25 

Disadvaatages of combined bridges 133 

Disadvantages of the arch 79 

Disagreements between manufacture^ and engineers. 10, 11 
Distance between expansion points in elevated rail- 
roads 95, 180 

Distribution of load over drum 123 

Dividing up bracing in trestle towers 88, 149 

Division of dead load 152 

Doric order 43 

Double concentrated load method 266 

Double rotating eaidilever draws 103 

Drainage of pivot piers. 128, 195 

Drawings, filing of 344 

Drawings for trestles.. 277 

Draws, double rotating cantilever. 103 

Drift-bolting 279 

l^iving .field-rivets 24 

Driving piles 278 

 Driving piles into cylinders 313 

Drawbridges. for various span lengths, styles of 182 

Drawers. for filing. drawings. 344 

Drawings ^ - ^ 243 

Drawings, xUmensiona xjf.. ... ,^ »►.. • 344 
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Drawing-sheets, contents of 338 

Drawings, making of 335 

Draw-spans, adjustment of. ... , 128 

Draws, pull-back 104 

Drifting tests 249 

Drillings for chemical analysis 246, 247 

Drums, details of 192 

Drums for Halsted Street Lift-Bridge 112 

Drum webs 193 

Duties of bridge specialist 3 

Dynamite in pier-sinking, use of 303 

Ease in designing 13 

East Omaha Bridge 136, 136 

East Omaha Bridge piers 303, 314 

East Omaha draw-span, equalizers for 125 

East Omaha draw-span, rising of ends 126, 127 

Eccentric loading from sidewalks 222 

Economical conditions for cantilever bridges 56 

Economic .depths for trusses with polygonal top chords.. 32 

Economic depths of plate girders 33 

Economic depths of trusses 30 

Economic functions of cantilever bridges 70 

Economic layouts for viaducts 87 

Economic length of anchor-arm for fixed distances be- 
tween main piers 75 

Economic length of main span in cantilever bridges for 

fixed distances between anchorages 74 

Economic length of suspended span 70 

Economic panel lengths 33 

Economic principle for any layout of spans 36 

Economic relations of cantilever bridges 57 

Economics for crossings involving danger of washouts. . 38 

Economic span lengths 33, 34 

Economic span lengths for elevated railroads 92, 93 

Economic span lengths for trestles 86, 180 

Economic span lengths, mathematical demonstration of. 34 
Economy, comparative, for arches and simple truss 

spans 82 

Economy in design 30 

Economy in roof-trusses 57 

Economy in trestles and elevated railroads 36, 84 

Economy in trusses w^ith parallel chords 31 

Economy, necessity for 15 

Effective depths ; 145 

Effective diameter of rivet 165 

Effective lengths 145 
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EflFeetive strength of plate-girder webs in bending 169 

Effect of impact, provision for 16, 17 

Eflfect of weight of traveller on erection stresses 60 

Effects of changes of temperature 155 

Elastic limits 247 

Electric lights for ornamentation 52 

Electric motors for draw-spans 201 

Electric railway loads 223 

Electric railways on highway bridges 133 

Elementary principles in outlining spans 50, 51 

Elevated railroads 91 

Elevated railroads, economy in 36 

Elevated railroads, ornamentation of 52 

Elevation of column feet 27 

Elongation 247 

End-bearing rollers for draw-spans 209 

End floor-beams for highway bridges 218 

End-lifting apparatus for draw-spans 207, 211 

End posts, bending on 159 

Ends of channels, trimming 176 

Engineer 264 

Engineering practice and architectural ideals, con- 
vergence of 47, 48 

English bridges, curved members in 20 

Equalizers for draw-spans 125, 201 

Equivalent live loads for elevated railroads 92 

Equivalent live loads for railroad bridges 151 

Equivalent twisting moment on shafting 206 

Equivalent uniform load method 265) 268 

Equivalent uniformly distributed live loads for high- 
way bridges 223 

Erasures on tracings 343, 344 

Erection 261 

Erection of arches 79, 80 

Erection stresses in cantilever bridges 61 

Errors for graphics, limits of 335 

Errors in designing 5, 12 

Errors in triangles 323 

Errors in triangulation 317 

Establishment of first principles 12 

Establishment of formulae for impact 7, 8 

Estimating weights of details, liberal allowance for 28 

European practice in aesthetic designing 54 

Excavation 291 

Excessive expansion joints in elevated railroads 98 

Excessive strength, detailing of members having 23 
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ExpaiiAioQ $xUk eontfaetion in oantileTer bri^feB. *47 

Expansion and contraction, provimoa lor 28 

Expansion for o^umn £eet in trefttle*iew«ra 30, 9Q, 149 

Expansion for railroad bridges 149 

Expansion joints 95 

Expansion pockets Idl 

Expansion rollers 177 

Experiments on hinged columns. 14 

Experiments on impact * 6 

Explanation of speeifications 5 

Exterior sidewalks 222 

Extension plates « . r 17^ 

Extra loads due to curvftture l&l 

Extreme fibre^ress for timber ^ 156 

Extreme fibre-<stress on shafting , 206 

Eye-bars, heads of * 178 

Eye-bars, specifications fur.. * 257 

Factor of ignorance 7 

Faculty of rapid judgment 14 

Failures of highway bridges 190 

Fatigue of metals ' 23 

Faults in exisUiig elerated railroads. d5 

Faulty designing of top chords of open- webbed girders.. 97 

Faulty detailing 139 

Faulty intersection of gravity llBes in girders of ele- 

vated railroads 96 

Field-riveting in riveted girders 169 

Field-riveting, reduetion to a minimum 24 

Field-rivets, ease in driving 24 

Field-rivets, intensities for 156 

Field-spli«ing for plate-girder draw-spans 189 

Filing drawings and other data. ^^4, 345 

Filing- tubes 346 

Filling caissons 292 

Filling of column feet 27 

Filling recesses in metal- woxk before paintiag 261 

Finding stresses in cantilever bridges 61 

First principles, establishment of 12 

First principles of designing 12 

Firth of Forth Bridge 67 

Fixed ends for columns of elevated raili'oads 180 

Flange splices in plate girders 167 

Flats for diagonals for riveted girders 170 

Floating draws 118 

Floating timber 299 

Flooring on approaches 216 
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Floor-planks for highway l)ridges 214 

Floors for elevated railroads &2 

Floors for wooden trestles 275 

Folding bridges 107 

Foresights 326 

Forked ends 176, 233 

Forms for concrete piers 292 

Forms of trusses for highway bridges 218 

Forms of trusses for railroad bridges 145, 140 

Formulas for truss weights. 329, 330 

Formulas for wooden compression members 276 

Formula for impact for railroad structures 7 

Foundations, testing of 291 

Fracture 249 

Framed trestles 273,275 

Framing timber trestles 278 

Frequency of stress application 22 

Full lengths of sections 174 

Full-sized eye-bars, tests of 250 

Full-sized members, testing of 288 

Full-sized members, tests of < 253 

Fundamental axiom in architecture 42 

Fundamental principle of aesthetics in design 47 

Future investigations concerning arches 85 

Gas-engines for operating draw-spans 120 

Gaslights for ornamentation 52 

Gasoline engines for operating draw-spans 120, 201 

Gear wKeels , 204 

General economic principle for all structures, involving 

capitalized cost of deterioration and repairs 38 

General instructions to field-inspectors 295 

General layout of structure 330 

General limits in designing highway bridges 226 

General limits in railway-bri^e designing 160 

General notes on detail drawings 342 

General principles for proportioning details 28 

General principles in designing all structures 161 

General provisions on methods of testing 246 

General specifications for highway bridges and viaducts. 213 
General Specifications for Highway Bridges of Iron and 

Steel 130 

Girders in trestles, spacing for 87 

Girders over drums 199 

Graphical calculations 334 

Gravity axes, intersection of 20 

Grillages 303,309 
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Guard^imbers 14^ 

Guide^chairs for rail-lifts 209 

Guiding caissons and cylinders in sinking 292 

Half -through plate-girder spans 168 

Halsted Street Lift-Bridge at Chicago 108 

Hand-operating machinery 20<) 

Hand-operating machinery, necessity for 202 

Hand-rails for highway bridges 215, 216 

Hand-rails, ornamental 52 

Hand turning-machinery, formulas for 203 

Harlem River bascule bridge at New York 107 

Harshness of outlines of truss-bridges 42 

Heads of eye-bars 178 

High steel, use of 8, 141, 182, 244 

Highway-bridge failures.. 130, 131 

Highway bridges 130 

Highway-bridge lettings 2 

Highway bridges, classification of 213 

Hinged ends for columns 90, 179 

Hinges for arches , 84 

Hip verticals for highway bridges 220 

Hip verticals for railroad bridges 148 

Holes in timber for trestles 279 

Horizontal bending on cross-girders of elevated rail- 
roads 98 

Horizontal sway-bracing in trestle- towers 89 

Houses for machinery of draw-spans 211 

Howe's Treatise on Arches 81, 82 

Hubs, triangulation 320 

Hydraulic buflfers for Halsted Street Lift-Bridge 109 

Ice-breaks for piers 308 

Identification of metal 246 

Ignoring bending in columns of elevated railroads 100 

Imaginary superiority of cantilever bridges 55 

Impact 6 

Impact allowance for highway loads 224 

Impact allowance for railroad loads 152, 223 

Impact for cantilever bridges 61 

Impact for highway bridges 8, 132 

Impact method, importance of 7 

Impact stresses, method of finding 333 

Importance of chapter on First Principles 12 

Importance of impact method 7 

Importance of rigidity 15, 16 

Importance of scientific detailing 139 

Improvement iu highway-bridge building ,.,..., 131 
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Improvement in inspection 283 

Improvements in design for Halsted Street Lift-Bridge.. 113 

Incapacity of lacing to carry transverse load 26 

Inclined end posts, bending on 159 

Inclined end posts of highway bridges, bending on 226 

Inclined end posts, sections of 170 

Inclining truss-planes of cantilever bridges 62 

Incorrect assumptions in economic investigations 30 

Indexing 345 

Index of tubes 345 

India inks 346 

Indices 345 

Indirect wind load 154 

Indirect wind load for draw-spans 185 

Ineffective anchorages for elevated railroads 100 

Ingots 245 

Inherent sense of fitness 14 

Injury to concrete 293 

Inspecting rails 290 

Inspection 244 

Inspection of masonry 294 

Inspection of materials and workmanship 281 

Inspection of painting 290 

Inspection of paints 260 

Inspection of stone for masonry 296 

Inspection of timber 297 

Inspection, strictness of 263 

Inspectors' reports 286 

Instructions for checking drawings 340 

Instructions to field-engineers 288 

Instructions to metal-inspectors 284 

Instruments for triangulation 323 

Insufficiency of rivets in elevated railroads 96 

Insufficient bases for pedestals of elevated railroads 101 

Insufficient bracing between adjacent longitudinal 

girders in elevated railroads 97 

Insufficient bracing on curves in elevated railroads 97 

Intensities of working-stresses 155 

Intersection of gravity axes 20 

Intricacy of the science of bridge-designing 15 

Intrusting designing to experts 5 

Investigations concerning paints 9 

Iron rods for base-line measurement 317 

I struts, spacing of angles in 177 

Jack-knife bridges 107 

Jaw-plates ,♦,,.,, *33 
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Jefferson City Bridge, anchorage fot draw-span.* 124 

Jefferson City Bric^ piers 313 

Jefferson City Bridge triangulation 324 

Joists for highway bridges 214 

Judgment in designing, necessity for 15, 23 

Kansas City & Atlantic Railway bridge 114, 135 

K. C, P. & G. Railway bridge over the Arkansas River.. 310 

Keyholes for hand-levers of draw-span« 211 

Knots in timber 299 

Labor-saving devices, use of 13 

Lacing 174, 175, 232 

Lacing, incapacity to carry transverse load 26 

Lack of aesthetic treatment in American bridge de- 
signs, reasons for 39 

Lack of economy in cantilever bridges 55 

Lack of rigidity in cantilever bridges 55, 57 

Lack of rigidity in suspension bridges 57 

Lansdowne cantilever bridge 67, 68 

Latches for draw-spans 209 

Lateral bracing for highway bridges 219 

Tjateral bracing on curves in elevated railroads.. . , 180 

Lateral struts, sections of 171 

Lateral systems for draw-spans 192 

Lateral systems, weight per foot of 329 

Lattice girders, objection to 19 

Laying out work 328 

Layout of structure, general 330 

Layouts for elevated railroads 4 < . . . . 331 

Layouts for viaducts, economic 87 

Least thicknesses of drums 194 

Least thickness of metal in highway bridges 226 

Legitimate and illegitimate decoration 46 

Length of centre panel for draw-spans 183 

Length of pin-plates 14 

Lengths, effective 145 

Lengths of base-lines. 322 

Lenticular arefaes 83 

Lettering 339 

Letting bridges by the pound 139 

Levelling off tops of pivot piers ...» 195 

Levels in pier-sinking. 326 

Liberal allowance in estimating w<Hghts for details 28 

Lift-bridges 108 

Jjifting deck 114 

Limitation of scope of all specifications. 15 

Limiting lengths of cantilever bracket?, 1 . • r •. r •. 226 
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Limiting lengths of continuous steel stringers 227 

Limit of working-stress 8 

Limits in bridge-designing 160, 226, 227 

Limits of errors for graphics 335 

Links for toggles of draw machinery 208 

List of data for spans 332 

Live and dead loads, comparative importance of 7 

Live loads for cantilever bridges 60, 61 

Live loads for combined bridges 136 

Live loads for draw-spans 183 

Live loads for elevated railroads 91, 151 

Live loads for highway bridges 221 

Live loads for raUroad bridges 151 

Loads for draw-spans 183 

lioads for highway bridges 221 

Loads for piles in cylinders 313 

Loads for railroad bridges 150 

Locating piers during sinking 326 

Location of base-lines 321, 322 

Location of structure as affecting its decoration 46 

Long panels 51 

Long sights in triangulation 323 

Long steel tape, measurements with 310 

Loop-eyes 178 

Loose rivets 256 

Lower-chord packing. 176 

Lower lateral systems of highway deck-bridges 219 

Lower lateral systems of railroad deck-bridges 219 

Lower tracks of turntables 194 

Lubricating sliding and rolling surfaces 289 

Lump-sum bids 2 

Machinery for drawbridges, care of 129 

Machinery for draw*spans 201 

Machinery for Halsted Street Lift-Bridge Ill 

Machinery-houses for draw-spans 211 

Main central spans of cantilever bridges, stresses in . . 59, 60 

Main members of highway truss-bridges 218 

Main members of railroad truss-bridges 146 

Making detail drawings, method of 337 

Making drawings 335 

Man-power machinery 128 

Man-power operating apparatus for Halsted Street 

Lift-Bridge 112 

, Man-power operating machinery, necessity for 202 

Margin lines for drawings 339 

Mask of ornamental cast iron 42 
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Masonry, bearings upon 156 

Masonry, inspection of 294 

Masonry piers 305 

Materials for draw-spans 182 

Materials for highway bridges 213 

Materials in railroad structures 141 

Materials, specifications for 243 

Mathematical demonstration of economic span length.. . 34 

Mattresses around piers 314 

Measurement of angles 323 

Measurements on the ice 318 

Measurements with long steel tape 319 

Measure of strength of structure 10 

Mechanical-power turning-machinery, formulae for 203 

Medium steel, reason for using. 8 

Memphis Bridge 68 

Menominee Canal bascule bridge at Milwaukee 107 

Metal 244 

Metal-work for timber trestles 279 

Method of checking finished design 29 

Method of determining power required for operating 

and lifting draws 202 

Method of making detail drawings 337 

Method of measuring with steel tape 319 

Method of utilizing equivalent loads. 267 

Methods of operating revolving draw-spans 120 

Methods of pier-sinking 301 

Methods of study of aesthetics in any bridge design 49 

Methods of testing. 246 

Metropolitan Elevated bascule bridge, Chicago 106 

Minimum fees for professional work 284 

Minimum thicknesses of drums 194 

Minimum thickness of metal in highway bridges 226 

Mistakes of construction 12 

Mixing concrete 293 

Modern bridge an offence to the landscape 41 

Moments on pins 157 

Movable bridges in general. 103 

Multiple systems of cancellation 18 

Multiple- track structures, bracing frames in 25, 26 

Name-plates ". rTT .* 150 

Name-plates, specifications for rr.". :TTT7. .... 259 

Necessity for allowance for variation in pier-sinking. r. 316 

Necessity for bridge specialist , . 3 

Necessity for complete data 18 

Necessity for experiments on impact 7. * t. » 17 
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Necessity for subpunching and reaming 9 

Necessity for symmetry in riveting 22 

Necessity for symmetry of section -21 

Necessity for thorough inspection 300 

Net section 157 

Net sections near pinholes 176 

Niagara cantilever bridge 314 

Nippon Railway bridges 62 

Notching ends of cross-girders 173 

Notes for triangulation-work 323 

Notes on drawings .^ 339 

Number of columns for elevated railroads .' 93 

Number of rivets at ends of plate-girders 169 

Number of test-pieces 249 

Nuts, specifications for 258 

Oaks 298 

Objections to curved members 19 

Objections to large bascule bridges 107 

Objections to lattice girders 19 

Objections to redundant members 19 

Objections to skew-bridges 18 

Objections to star-struts 28 

Objections to two-rivet connections 25 

Objections to Whipple trusses 19 

Obstacles in pier-sinking 302 

Office materials 345 

Office practice 328 

Oil-grooves 194 

Omission of diagonals in lateral systems of cantilever 

bridges 65 

Omission of diaphragm webs in columns of elevated 

railroads 100 

Open-dredging process 302, 303 

Operating cables for Halsted Street Lift-Bridge 112 

Operating machinery for Halsted Street Lift-Bridge. ... ill 

Opposition of steel-manufacturers to improvement 10 

Opposition to aesthetic reform in bridge- building 45 

Opposition to proposed methods of design 4 

Ornamental casting, mask of 42 

Ornamental hand-rails 52 

Ornamentation for bridges, appropriate 47 

Ornamentation of bridge approaches 53 

Ornamentation of elevated railroads 52 

Ornamentation of portals 52 

Ornamentation of viaducts 52 

Outlines of truss-bridges, harshness in 42 
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Outlining spans, study of aesthetics in 60 

Overturning of piers, resistance to 307 

Paint-brush, accessibility to 25 

Painting, aesthetics in 52, 53 

Painting, inspection of 290 

I'ainting, investigations for 9 

Painting, specifications for 259 

Pairs, arrangement of members in 21 

Paltry brackets in elevated railroads 99 

Panel lengths, economic 33 

Paper on Elevated Railroads 91 

Parthenon 43 

Paved floors 216 

Pedestal-caps for elevated railroads 93 

Pedestals 177 

I'edestals for cantilever bridges 6(J 

Pedestals for elevated railroads, sizes of 181 

Pedestals of towers in Halsted Street Lift-Bridge. ...... 109 

Percentage-curves for weights of cantilever bridges, 

72, 74, 77, 78 

Petit truss, superiority of 19 

Piece-work 264 

Pier centres, triangulation to 325 

Piers, designing of 301 

Pier-sinking 315 

Pier-sinking, methods of 301 

Pile foundations 303 

Pile piers 314 

Piles in concrete 303 

Piles, specifications for 277 

Pile-trestles 273 

Piling 293 

Pin-connected trusses for elevated railroads 98 

Pines 298 

Pinholes 170 

Pinholes, specifications for 267 

Pinion brackets 193 

Pinions for draw-spans 125, 201, 206 

Pin-metal 261 

Pin-plates 176, 233 

Pin- proportioning 170 

Pins, bending moments on 167 

Pins, specifications for 258 

Pipes, removal of 291 

Pivot-piers, drainage of 128 

Placing concrete under water ; 293 
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Planing-drums 198 

Plate-girder draw-spans, field-splicing for 189 

Plate girders, economic depths of 33 

I*neumatic process 302 

Pony-truss bridges , 218 

Pony- trusses for elevated railroads 98 

Portal bracing for railroad bridges 147 

Portal bracing in highway bridges 219 

Portals, ornamentation of 52 

Posts, sections of , , , , . . 171 

Powdered chalk or talcum , 346 

Power for draw-spans , 120, 201 

Power for operating Jefferson City draw-span 121 

Power required for operating and lifting draws 202 

Prejudicial effect of competitive designing 2, 39 

Preliminary data for elevated railroads 102 

Preliminary dead load , 333 

Preparation of bed-rock to receive masonry 291 

Preservation of metal-work , 10 

Pressure on screw-threads , . , 208 

Prevention of rising ends 209 

Price for first-class inspection 288 

Principles of designing 12 

Principles in designing, adherence to 4 

Probability of stress application. 22 

Projecting web-plates 257 

Projection of piles into cylinders 313 

Proper colors for painting bridges 53 

Proper conditions for arch bridges 79 

Proper distance between expansion points in elevated 

railroads 95 

Proper kinds of draws for various crossings 118 

Proper lengths for anchor-spans 75 

Proper live loads for cantilever bridges GO, Gl 

Proper loads for piles in cylinders 313 

Proper locations for cantilever bridges 55 

Proper locations for suspension bridges 57 

Proper method of letting bridges 3 

Proper price for first-class inspection 288 

Proper relations between outline dimensions of spans. . . 51 

Proportioning details, general principle for 28 

Proportioning of built members 174 

Proportioning of pins 176 

Proportioning turntables of draw-spans 128 

Proportioning web-angles connected by one leg only. ... 170 
Proposed association of inspectors 283 
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Protecting column feet 291 

Protecting hubs 320, 321 

Provision for clearance in packing 24 

Provision for effect of impact 16, 17 

Provision for expansion and contraction 23 

Provision for factor of ignorance 7 

Provision for thrust transference 26 

Pull-back draws 104 

Punching, accuracy in 254, 287 

Punching and reaming 256 

Quality of stress, consideration of 22 

Quarry-bed 297 

Quarry-sap 297 

Quenching 248, 249 

Hacks for turning draw-spans 198 

Padial struts for drums 193 

Kail inspection 290 

Bail lifts for draw-spans 208 

Kailroad structures, specifications for 141 

Rails for elevated railroads 93 

Raising column feet 181 

Raising column feet of elevated railroads 101 

Ratio of length to least radius of gyration 160 

Ratio of working intensity to elastic limit 8 

Ratios of length to least radius of gyration in highway 

bridges , 227 

Ratios of truss-depth to span-length 32, 33 

Ratios of weights of cantilevers and fixed spans 75 

Reaming 256 

Reaming, necessity for 9 

Reasons for lack of aesthetic treatment in American 

bridge designs 39 

Reasons for unsatisfactory conditions in existing ele- 
vated railroads 24 

Reasons for using medium steel 8 

Recording of combinations of stresses 334 

Recording of wind stresses 334 

Recording progress of shop- work 286 

Red Rock Bridge piers 307 

Red Rock cantilever bridge 64, 68 

Reduction of area 248 

Reduction of field-riveting to a minimum 24 

Redundant members, objections to 19 

Re-entrant corners 254 

Referencing hubs 321 

Reform in bridge-building, aesthetic 46 
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Reinforcing-plates at pinholes i 14 

Rejection of material 262 

Relations between principal dimensions of arches 84 

Relations between various leading dimensions in canti- 
lever bridges 77 

Removal of pipes and sewers 291 

Removal of surplus material 291 

Repairing bridges 139 

Reports of timber inspectors 299 

Re-railing apparatus 1^ 

Resistance to overturning of piers 307 

Responsibility for accidents 263 

Resting longitudinal girders on cros^-girders 98, 180 

Reversibility of draw-spans 207 

Reversing-stresses 157 

Reversion of stresses in bottom chords.. 32 

Revolving drawbridges. 11^ 

Rigid bottom chords in highway bridges 220 

Rigidity, importance of 15, 16 

Rigidity of architects' ideals 42 

Rigid lateral bracing for railroad truss-bridges 147 

Rigid lateral systems 24 

Rigid sway-bracing for cdntilever bridges 65 

Rigid top chords for draw-spans. 183, 191 

Rim-bearing versus centre-bearing turntables 123 

Rising ends of draw-spans 126, 209 

Rivet-heads 265 

Rivet-holes 265 

Riveting 1^ 

Riveting in highway bridges 227 

Riveting, necessity for symmetry in 22 

Rivets 255 

Rivets in direct tension 25 

Road roller 222, 223 

Rolled steel 245 

Roller boxes 177 

Roller plates 177 

Rollers 177 

Boilers for draw-spans 195* 

Rollers for draw-spans, tests of 253 

Rollers of Hakted Street Lift-Bridge 110 

Hollers, specifications for 259 

Roof-trusses 331 

Roof-trusses, cantilevers for 57 

Roof- trusses, economy in 67 

Rust-cement 194 
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Sand-briquette testa., . . , , 296 

Scales for drawings , 338, 342 

Scientific detailing, importance of ISU 

Screws for draw-span machinery 207, 208 

Sectional areas of web members for open-webbed, riveted 

girders r 27 

Sections and section lines (drawings) 341 

Sections for columns of elevated railroads 04 

Sections of compression flanges of plate girders 167 

Sections of lateral struts , 171 

Sections of members for highway bridges 228, 229 

Sections of members of elevated railroads 180 

Sections of top chords and inclined end posts 17U 

Sections of transverse struts 171 

Sections of vertical posts. 171 

Sections of web-stiffening struts 171 

Semi-cantilevers - . 62 

Sense of fltness, inherent 14 

Sewers, removal of 291 

Shafting , , . , , 205 

Sheared edges 254 

Shimming-plates for draw-spans 210 

Shipping metal 261 

Shipping timber 299 

Shipping weight 252 

Shipping weights, checking of 286 

Shoeing piles 278 

Shoe plates ...,,...,,...,.... 177 

Shoes and end-bearing rollers for draw-spans 209 

Shop-drawings ,..., 243, 337, 343 

Simple truss-spans erected by cantilevering 76 

Simplicity in designing 13 

Single concentrated load method 266 

Sinking caissons. 292 

Sinking piers. 315 

Sinking piers into bed-rock 312 

Sioux City Bridge 135 

Sioux City Bridge triangulation 324 

Sizes of drawings 335, 344 

Sizes of pedestals for elevated railroads 181 

Skew-bridges, avoidance of 18 

Skinning structures 3 

Slabs 245 

Slide-rule, use of 333 

Sliding feet for columns 179 

Smooth track for elevated railroads 101 
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8ome Disputed Points in Railway-Bridge Deaigniag. . . . 865. 

Spacing of arches 85 

Spacing of girders for draw-spans 189 

Spacing of girders in railroad bridges 143 

Spacing of girders in trestles 87 

Spacing of I-strut angles 177 

Spacing of joists in highway bridges 214 

Spacing of rivets at ends of cover-plates 169 

Spacing of stringers in railroad bridges 143 

Spacing of ties in elevated railroads.. 102 

Spacing of tracks in railroad bridges 143 

Spacing of trusses in railroad bridges 144 

Spacing-rings for rollers of draw-spans 197 

Span lengths, economic 33, 34 

Span lengths for elevated railroads 92, 93 

Span lengths for trestles 86, 180 

Special investigations concerning cantilever bridges 69 

Specialist^ duties of 3 

Specialist^ necessity for 3 

Specifications, filing of 344, 345 

Specifications for cast iron 262 

Specifications for east steel 253 

Specifications for highway bridges and viaducts 213 

Specifications for highway draw-spans 237 

Specifications for materials 243 

Specifications for piles 277 

Specifications for railroad draw-spans 182 

Specifications for railroad structures 141 

Specifications for timber trestles 276 

Specifications for wrought iron 252 

Specifications, s{Hrit of 264 

Speed of testing-machine 247 

Spirit of the specifications 264 

Splices in columns 90, 180 

Splices in fianges of plate girders 167 

Splices in members of draw-spans 192 

Splices in Webs of plate girders 166 

Stamping-hammers 298 

Standard specifications for highway bridges 131 

Star-struts, objections to 28 

Star-struts, tests of 28 
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Steam-engines for draw-spans 120, 201 

Steel buildings 331 
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Steel shells filled with concrete 310 

Steel tapes for base-line measurements 317 

Stiff bottom chords 171 
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Stiff eners for drums 193 

Stiffeners for girders over drums 200 
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Styles of drawbridges for various span lengths 182 

Styles of highway draw-spans 238 
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Subpunching 256 
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Superelevation for wooden trestles 279 
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Superelevation on curves of railroad bridges 143 

Superfluous metal, use of 17 

Superiority of cantilever bridges, imaginary 55 

Superiority of Petit truss 19 
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Surplus material, removal of 291 

Suspended span, economic length of 70 

Suspended spans, connection of 69 

Suspended spans of cantilever bridges, stresses in 58 

Suspenders for cantilever bridges ._ . . 65 

Suspenders for highway bridges 220 

Suspenders for railroad bridges 148 
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Susi>ension bridges, proper locations for 57 

Sway-bracing for deck-oridges 219 
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Sway-bracing for highway bridges 219 
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Tapered reamers 256 

Targets 325 

Temperature, effects of changes in 155 

Temporary bracing for steel cylinders 312 

Tenders 264 

Tensile strength 247 

Tension on anchor-bolts in trestles 148 

Testing cement 295 

Testing foundations : 291 
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Thmning paints 2flO 
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Thoroughness in inspection 281 

Threads, specifications for 259 

Thrust transference, provision for 26 

Tie-plates , . . 174, 232 

Tie-spacing for elevated railroads 102 

Timber 261, 293 

Timber-bolts 142 

Timber caissons 308 

Timber compression-members v . . . . 276 

Timber, defects in 299 

Timber, extreme fibre-stress for 156 

Timber for trestles 277 

Timber, grillage 303, 309 

Timber inspection.. , 297 

Timber inspectors, reports of 299 

Timber piers 314 

Timber portions of highway bridges I .. 214 

Timber portions of railroad structures 141 

Timber stringers 274 

Timber trestles 273 
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Top chords, sections of 170 
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Tops of trestle columns 179 

Torsion, avoidance of 20 

Tower-bracing 179 

Tower-bracing for draw-spans 191 

Tower Bridge of London 105 

Towers for draw-spans 183 

Towers of Halsted Street Lift-Bridge 108 

Tower-spacing in elevated railroads 149 

Tracing-cloth, quality of • 346 

Tracing-cloth, working on 336 

Track-segments of drums. 194 
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Traction load 154 
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Transference of thrust, provision for 26 
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Transferred load for draw-spans 185 

Transits for triangulation 323 

Transverse struts, sections of 171 
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Travellers for trestles 87 

Treated timber for elevated railroads 93 

Treatise on redundant members 19 

Treinie, use of 293 

Trestle-bracing, wooden 276 

Trestle columns, batter for 87 

Trestle columns, combination of stresses in 88 

Trestle columns^ details for 87 

Trestles 86 

Trestles, details for 87 

Trestles, economy in 36, 84 

Trestle-tower bracing 179 

Trestle-towers 148 
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Trestle-towers for highway structures 220 

Trestle-work, inspection of 293 

Triangulation 317 

Triangulation-hubs 320 

Triangulation-sheets 325 

Triangulation to pier-points 325 

Trimming channel-ends 176 

Trimming designs 2 

Trimming idle comers 254 

True economy in design 30 

True economy, necessity for 15 

Truss depths, economic 30 

Truss depths for drawrspans 183 

Trusses, weights per foot of 329, 330 

Trusses with parallel chords, economy in 31 

Trusses with polygonal top chords, economic depth of. . 32 

Tubes, filing 345 

Tumbuokles, .specifications for 258 

Turned bolts for turntables 193 

Turned bolts, specifications for 258 

Turntables, details of 192 

Turntables of draw-spans, proportioning of 128 

Twist-drills 256 

Two-angle struts 171 

Two-rivet connections, objections to. . , 25 

Types of arches 80 

Ultimate tensile strength 247 

Unbalanced wind-pressure on draws 202 

Uniform sizes of drawings 335 

Unit weights of materials 152 

Unit working pressure on screw-threads 208 

Unnecessary cantilever bridges 55, 56 
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Unprotected concrete piers 310 

Unsatisfactory conditions of existing elevated railroads, 

reasons for 24 

Unsupported widths of plates in compression 174 

Uplift for highway draw-spans, assumed 239 

Uplift loads for draw-spans 184 

Upward -dead-load reactions in draw-spans 122 

Use of cast-iron trimmings for decoration 52 

Use of dynamite in pier-sinking 303 

Use of high steel 8 

Use of judgment in designing 15 

Use of labor-saving devices 13 

Use of powder in quarrying 297 

Use of slide-rule 333 

Use of superfluous metal 17 

Use of supplementary angles for open-webbed, riveted 

girders 27 

Use of water-jet in pile-driving 314 

Vain efforts of engineers to compromise with grace by 

ornamentation 41 

Value of faculty of judgment 14 

Van Buren Street Bascule Bridge, Chicago 106 

Variation in cost of piers with span length 35 

Variation in weight. 251 

Variation of truss- weight with span-length 35 

Variation of weight of lateral system with span-length. . 35 
Variation of weight of metal with length of opening in 

cantilever bridges 76 

Various types of arches 80 

Vertical posts, sections of 171 

Vertical sway-bracing 219 

Viaducts 86 

Viaducts, economic layouts of 87 

Viaducts, ornamentation of 52 

Violation of principles in designing 4, 5 

Washers, specifications for 258 

Washing drawings with benzine 346 

Waste of money in designing 5 

Water-jet, use of, in pile-driving 314 

Water-power for operating draw-spans 120 

Wearing-floors 215 

Web members of open-webbed, riveted girders, sectional 

areas for 27 

Web-plates at ends of open-webbed, riveted girders 169 

Webs of drums 193 

Webs of girders for elevated railroads 94 
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Web-splices in drums 193 

Web-splices in plate girders 166 

Web-stiflfeners for plate girders 168 

Web-stiflfening struts, sections of 171 

Weighing reactions for draw-spans 122 

Weight of Halsted Street Lift-Bridge 109 

Weight of masonry in anchor-piers of cantilever bridges. 67 
Weight of metal in anchorages of cantilever bridges. ... 73 
Weight of metal in anchor-spans of cantilever bridges. 73, 74 

Weight of traveller, effect of, on erection stresses 60 

Weights of bridges let by lump sum and by pound price. 2 

Weights of trestle-anchorages 90 

Weights per foot of lateral systems 329 

Weights per foot of trusses 329 

Wells in anchorages of cantilever bridges 66 

W^eel-guards for highway bridges. .-. 215 

Whipple truss, objections to 19 

Widening cantilever bridges over main piers 62 

Willow mattresses around piers 314 

Wind loads for draw-spans 186 

Wind loads for highway bridges 224 

Wind loads for highway viaducts 224 

Wind loads for railroad bridges 153 

Wind stresses, recording of 334 

Winner Bridge 114 

Wooden compression-members 276 

Wooden hand-rails for highway bridges ,. 216 

Wooden stringers 274 

Wooden trestle-bracing 276 

Work designed by author's specifications 4 

Working-drawings 243, 337 

Working-pressure on screw-threads 208 

Working-stresses, intensities of 155 

Workmanship 254 

Workmen 201 

Wright's Designing of Draw-Spans 122 

Wrought iron, specifications for 262 

Z-bar columns 90, 95 
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